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(54) HEAT SINK MATERIAL AND ITS MANUFACTURING METHOD 

(57)Abstract: FIG. 8 

PROBLEM TO BE SOLVED: To improve the 
productivity of a high-quality heat sink by making 
easily manufacturable a heat sink material having 
such a characteristic that is adaptable to the balance 
between the coefficients of thermal expansion and 
thermal conductivity required for actual electronic 
parts (including semiconductor devices). 
SOLUTION: Graphite is put in a case and the case is 
housed in a furnace (step S301). A porous sintered 
compact of graphite is manufactured by baking the 
graphite in the furnace (step D302). Then the sintered 
compact is taken out of the furnace together with the 
case and housed in the recessed section of a press 
while the compact is put in the case (step S303). 
After pouring a molten metal into the case (step 
S304), the molten metal is press-injected into the 
porous sintered compact by pressing down the metal 
in the case by inserting a punch into the recessed 
section of the press (step S305). Consequently, the 
molten metal is impregnated into the open pores of the sintered compact. 
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Mft^Iii, 4K*WE^«flE*#*»w*«Sli' ■ 
[0 0 5 1] ±fz. *»9!^ffi*t--h'>>^*r<3!>8ifi 

[0 0 5 2] £fc, *58«l:«5t- hi >/>t7tt<Dgt& 

^t^?g^Ii<h, MEJBd***y h^UX«flD 
&fflrtfcA*l, jJr£»«* W*J3E»TTJES»bTh-h 
f>>^«^^MT**PH : .X5g<h^W-r*c:i^^iS[^T 

[0 0 5 3] Sfc, *5B*^«*t:->">>^tfO!)«a 50 



2001-33902 2. 

*»#tt5fidt»Iit, *HETflJS»#e*y h 
L T b - h > 2 » £ fSt * iQJEXS <h £ * Z. t 
[0 0 5 4] **e8tel«St-h5/>^»©«it 

[0 0 5 5] £fc* *^t«*t-hv'>i7»C0H® 
<0»*£ft«^*fi^X8£. ttEB«*«7ajEfi* 

T-ci*^ b t t - h > > t? u & ttvi-r z imi£xm t & m 

[0 0 5 6]. ^ft6<7)«iS*ffi^43liT, ME^fig 
te> ME&JR£43tt*»L£<&- 1 0^-5 QXzmj^ 
L<, SCfE3r^JE*«, 1 0. 13-10 1. 3 2 MP 
a (10 0-100 OftEE) dWJlK 

[0057] Site* znzo&mjj&iz&^T* spjex 

[0 0 5 8]' WEAItt, Cu, A K Ag^ 

[0 0 5 9] 

[0 0 6 0] S l©il«ICKb-hy>^tH 

fi^l 4^#«$ftT«^$ftT^*.' 
[0 0 6 1] ^(D^^, TOE*— *'->Xtt*©B*#t 
IT, »e*l»U0 0W/mKHL M^b<t4l5 
0W/mK^l («?L*«6:^^jR»T<Z>ie5e«) , $ 6 
M^b<^42 0 0W/mKJL^± (a7L#&^ttfBT<Djf 

[0 0 6 2] *r^jTr«, 9Rfi3F4SA«l 0 0WXmKJ|^± 
C^77H hT«riE*ftfc*JLK«»#l 2<DP^m?L 

[0 0 6 3] ^^c, ^TLKtttt^l 2iMl 4ch(7)#: 
«*tt, ^?LS^IS^l 2**5 0 v o 1 X— 8 0 v o r 

i 4^5 o v o i o v o i %<Dmmt.i, 

T^5. ClftHctO, m^T*3^^^)¥^X«V^*r 
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ft*>©tt#fpj<D!R£S£*#l 8 0-2 2 0W/mKJW_t 
-trafe^T, fr-o. memmifii x 1 o- 6 /X-i oxi 

[0 0 6 4] ffilB£?LSl««S# 1 2(OM$tlT«, 
10voU-50vol %T*Sdi:7&tS^bVi. M 
JL*** l o v o 1 %|^TT1t ifiSTT* 3tt^|ft05pi^ 

xtt^rn^0«*ifii<o i 8 o w/mK mm <om& 
1 2 ©kk^itl, m&mm* 15. 0X1 
[0 0 6 5] m^umtmm 1 2 ©^msitls (» 

?Lg) Offi^bTte, 0. l-2 0 0tfm^a*LK 
S»Ea?LS^0. Um*«T*5i, BBStTLrtK&k 
1 4 ZtaiBJBfcStO, !»fi«*^fiTt 

S.'-J, bu1E^7L^2 0 0 iim&M7LZ>£, ^?LJf 

[0 0 6 6] ME^?LKttlK#l 2<Z)T^H»7L^H-r 
<5#?t? (M?L^*) tlTH 0. 5-50/imC90 
vol%WMn:i:«U^ 0. 5-5 0^ 
mCDM?L^9 0 v o 1 ^H±MlT^a^»$tt, & 

[0 0 6 7] *7L««MB«:i 2K&M1 4 

LTftftfc- hioyZUl 0 A©H»?LaptbTf4, 1 
2v'o UHTTSSut^jfSLK 5voUM 

[0 0 6 8] Mf2^,?L^, ^?L^R^m?L5i-^CD 

[0 0 6 9] coDfg l ©jHB©»Hk:filst:— 
*f 1 0 AK&t^T, mmtf^yy-ihiz, ms/^yy^ 

[0 0 7 0] h^C, ^^777-1 h 

<h LTH Ti, W, Mo, Nb, Cr, Zr, B 
e, Ta, V, B, Mn* 1 «fit±**tf 
S^t^t^^ zmKJzD* ^77r^h<^i« 

mm WSii, ^77 7 <h«S 

TLf^g^n^^JRi 4t0«nTOil, <£EZTtf> 

[0071] ^imm^i 2\z<sm2tiz>&m 

14L Te, Bi, Pb, Sri, Se, Li, Sb, ; 



(9) ^§12 0 0 1 - 3 3 9 0 2 2 

16 

TK Ca, Cd, N i ^s»«s"nfciaet±**jp 
&r i 4 to^Boaintt^Kesn, 1 

2<7>BB«7LrtK:&« 1 4j&*A0a<&*. 4#lc, N i 

[0 0 7 2]^ M**«#12l:«*n*4I 
1 4 (C, Nb, Cr, Z r. Be, Ti, Ta, V, 
B, MnfrbM&2ntzim&±&mmTZZ£ibWl£ 

±U MMft{:^UT^777< hi:M<i:^tL 

[0073] &tz. &nKumfri 2\z^mznz>&m 

TZTzti). Hffi/ftftO)iaK«i^3 0t£t±, S£L 
<tt5_O < CJK±<07C** fflAfcESn, P, Si, Mg^ 

[oo7 4]*i:, i (Dmmcommizi%z>\i- b 
[0075] mi<omm<DMm\z&z>t-bis>?%ti 

0 A^®!igf ZtztbCDW, 1 RtfSB 2 C^)Sit^ffi«#^, 
50 T*JL»*«# 1 2 SfPHTSMlgt. 41 1 4 S 

[0 0 7 6] fit, «10«i6*ffi^ AffWicttH 
- -2-A-R-^I^ 2 B m-t<0— -WiE«»3-0 

nnwnmfcz 2i:*»«w«s3 4W3 
K+*8ii»fc-tti-enia(E(iii3 8*«RM-snT, Rate 

«38 $ + i^UTSS#3 2 a#3&«ia(67?#S<t5tft 
40 [0 0 7 7] S&3 2 1*31:: ft, i^S4-0 chfSM^S 

§§4 0 £jng*-rs;fc«><z>fc:— ^4 2ifimvy&>tvz\,\z>. 

U 1 r?©«iBt*»*J« S^ra*A»»fci1'ffl«4 4 
(w^il-r^)|l3a 4 6 3^Rtt6tlT^*. <PQU4 4<D5 
iP46 £4^<h LT-;frc7)ff£gP (KT* 8lS 
44ai:f2-r) fctt, ««*f»-e**&JK 1 4CD», * 

[ 0 0 7 8] tt^STO + ffi* («T. >2t44bJ:e 
>0 T) tt, ««-«K»-C»**?LJl«ieflci 2«q|MQ 
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mi*>tlZ>&o\Zts.^>T&K). S2i4 4bA«±*l;fi 

4 2li 3 o omp aonss-fj-f-vb^mtEtiu^mm 

[0 0 7 9] MflBKJE^fg 3 Ofctt, *£§l£© 

&*©»«* 4 8 t. iWEatt-*©fc»©;tfXRtf»SI 

[0 0 8 0] ffi[fS?i5JE§§§ 3 0£,EV>/tfgl©SS 

[0 0 8 1] St*. ll:*tsT, y777-f 

h*#!bctr^;^rsxs. try? (a-;u^-;>co- 

[0 0 8 2] H£#ttlCjSS#f*K:tt. ^5 

7r-f httfrCeyfSa^l/T, 15 0"CgS©iI 
SH«fTffL-^ LjSfcJfcfcfT iTWVi (<J> 1 0 0 ~<i> 6 0 
0. I^!3ft00mmg*) ffl^7 7 7-r hS#5. £ 

[0 0 8 3] ^IC, ^777-f h©£C7L*M^£-B-Sfc 
fe£JC£KA&fr». foS$+tt:7fStt$f 
^. *LT, 1 0 OOtiaTDtrtbSSCliyft* 
gf SXgS- 3 EJUS!* 0 ilf. 

[0 0 8 4] tLT, g&eSS$£|6j±£it--5>fcaf::3 0 
0 0 t Cg^©^O4 3 T^5 7 7'-r K d. 
©£#, tf^yr-f bt>m&tZ>z\t.*®S±.tZ>1i.$>\z 

77-f RloitsiStt, if^yr* htcKtt9«-T 30 

[oo8 5] c«j;5tt?>ctT, ^nnmrntt 1 2 

3r^-l^T-* <-ot^M*-UI/^ - - • 

[0 0 8 6] •£-'©&. Xf5'7 , S2l:^T, iSJI^gg 

3 o s?u^tt^icbT. ortics^^nr^ 

*B^c*»4 0OJBia[4 4a*T*k:(4«*'ti--5. 

[0 0 8 7] ^©&. &nnmm<* 1 2 t&js 1 4 ©±sg 

£S&J££3§3 0 ©»*Jg§§4 OftfCAn. ^JBl4©a 
SI*«S4 0 Oft 1 «4 4 a-WCEIb. #JL**IS 40 
# 1 2 $12^4 4 bfc-fey hfS (Xfy7"S3) . 
C©£* : F»&*?LjtttlSflei 2Sf«LT*< CtiWSF 

*bv». ^^*ff-5fc». griiwmmtei 2 

- X fc JRitt T S ttSr j&tt iz TS ^> fettli-CT^ £ 

JR*n-T«^fctt*©£3rC±E©<!:is 0*2*4 4 b 

[0 0 8 8] ^©m» ^EES§§3 0 (&tf»*;gg§4 
0)-&«*#Ufca. R«f4 8*Ii;TKE*83 0rt 

©ss§i # *ff o tk*be*s 3 o ^n.s.^.m\zt Z 50 
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(Xr'V7*S4) „ 

[0 0 8 9] iE-©^. k-^42 KiiS UTS li44 

&<D&m i 4 *jqf»s«p-r-5 (X5^:/S5) . KT© 
MWTtt, 2>nf&&»£n;fc&Jg 1 4 Zfe^toiz rjgu^ 
I14J tt)l2T. 

[0 0 9 0] -£-©&> 8.1i4 4 a|*|©*g?8;&Jll 4*t 
JJrfcffl*fc«bfc&W-C. ?HJE^f§3 0S1 8 OSSEE 
£-t*-£> Uf77"S6) „ Cl©telHlSbf^fr<t-3T. Jgl 
^4 4 a*^±7jtrfi:B-r-5Ci:*^. Sli44al«iffl 
@itMl4it aS(C t toTT7jt'fiH-r«»^2^4 

4bi*c*Tu c©a»T. ®m&m 1 4 \z^nm.m 

»#i 2tftgsnfctttBi&*. 

[0 0 9 1UOI. #7.3gA®5 0*ai;TJIS£E«» 
3 0|*l(:tiI^X$SALT, Ki$JE^i§3 ort£ira 
Uf7 7*S7) . C©Jn£E5aai'J;t3T, B813 

t§it&M i 4 »£?Lsc&i*tt 1 2 ©m«?l«+ tc-grg-r 

cl <h fx. ^>o 

[0 0 9 2] CW-g-gxa^TL-fc^-eiB-fefc^SI 
Xgfc&frTS. ~©}§3]X8«> S-T, iWfS&flESii 

3 0 Srfftf 1 8 oaSHl^li-^ Ut77"S 8) . CI© 
tEEHftflMCfcoT. ilS44a*«TAtfBt3ui 
^6». .^2^4 4 brt©igH^Ml 4B, S^Ill4 

[0093] fiexr-y7"s 7 -poauBEjaa (^g$H 

S) IlioT. 1 4 ©-«#*?LIMMS# 1 2 

Sli44a KStT-T 1 4 tt^TLRjfttiH* 1 

K*t|Bl^4 4al*ifc*STbfca»T. J6 2£4 4bK: 

tt^n^jii 4^asnftMiie*i 2a*»*c 

[0 0 9 4] ^©&. SXiiiif 5 2S»U:tJISJ£*S 

3 opvD^mmxx&timtztmmiz,' ^7,mx^5 

fy7*S9) „ d©*gffl*^©»«t»«lffl^O» 

iu Kii^§§3 0 tefejgictfsjsns. c©j#^fc 

5Mi:ioT, «TE*?LR«itSff 1 2C*gsnfc* 
S&&« 1 4*», &mz&m 1 4©«fcH{kbT#«*t* 
»rscii:*»6, ^gSnfc^Kl 4tt*?LJt«SIS#l 

[0095] ia©i^a]xai:bTta. bsic^^t— jA 

«[»©«frtk:*rJ:-5fC, mEXfy7'S87?0«I4« 
*Tb&a»T, iliJE^g|3 0. »S^ttjgn^M14 
^S^ntMSiMl 2 5P'/->l:liU 

(Xx^T'S 1 0#B8) . 
[0 0 9 6] CO^L^'vOSMCi^T^LSM 

fti^ttftitfta^nscic&i. d©?&aiast 
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[0 0 9 7] CKBiSfc, fgl<£fi5i;£&tf)£XlI£Ig 
1 4(D^a®31^^B^f : f 5 Ct^Tt, 

«l*lSl0^e**dU 8 0-2 2 0W/mK^_kT&o 
T, ilWixiO-VC-lOXlO' 6 / 

So 

[0 0 9 8] fc*?U «Jfi-r**TLJM(li»#:fcS i C£ 

fc*4. 0X10-VC-9. OXIO'VCT, 

ffil 6 OW/mK (gfi) £4±, «F£b<fc*l 8 OW/ 

[0 0 9 9] iS^f7^S5(^UT, t-^4 2fc 
ilSLT^ 1*4 4 a<Z>&JRl 4 £jJD?&^gj??1r£>:l§1§r 
^::, Xr7^S 6 fc»ffT*3fSa* ODMMft) tt, 
&JS 1 4 0»^t«k D30 2 5 0 'CiftUffiftj&tcfc < . 

iftKawEHjSit) 5 ot-2 o o'CAti&j&pa 

JUi, KJBE^g§3 0[*j£r 1 x 1 0' 3 To r 

[oioo] fiftiax^^b's 7l:*^T, i^JE^ 

3 0 fcf+#T<5EE:ft ch ITU 0. 9 8MPaHL 2 
0 2MPa^T(i:t^ o C<B»S\ 4. 9MPaW±, 
2 0 2MPaaT*««f*b<, ±0ff*l/<»9. 8M 
PaH±, 2 0 2MPHTt»5tiK 
[0 10 1] £©JBE*tt, SKffiT*S*d«-g-a*©|fiJ 

[0 10 2] KEE«§g3 0^<DJE^7<7>f*^Pfl« 

1#H±/6 0&HT^< > Mib<l3:l#K±, 3 
OfTO^l^o 

[0 10 3] ft 43, miSffimft2 0(Z)MiLTH 

CD^9 0 v o 1 %J£A±#ftU *>o, ft?L***l 0 v o 
U-50vol %T*5C(h*«aSLK 
[0 10 4] fc«U «ifrrs*?L**«fttCS I C£ 
SJST&*£rte, ¥^jS§^5/im-5 0/im(Z)t)(D^ 
9 0%MMU «W2 0vol%-7 0 

V O 1 %T*5C£7fr*S£bUo 

[0105] »aixsfc^tts?&aijsstt, 

S?0S»e)8OO < C^t«1ttW, - 4 0 Ot 
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[0 10 6] WlSX^^yS 7 £:feV>T, SEE^S3 0 

*jLjt«§«#i 2f:4ii4*$asnt^a^ 

[0 10 7] Jl<75JE*tt*<Z)«ll»*7y S'a./t— > (Wa 
shburn) ©St Kick t> T*5£T#**«, *7L#^/h£l^ 
^f^M^ttSo rco^fcfieAti, 0. Urn 
10 <j><Dh%39. 2MPa, 1. 0 um<t> <Dt % 3 . 9 2 
MP a, 10/imd)©i:f 0. 3 9 2 M P a (DEE *^3S 
l,tf>Lft*t5, *Ktt¥iS«7L«#0. 1/x 
m*©tJ»ttO. 0 1 Mm(f)J^TcD^?Lfe#ffi-r^> (0 

M»f:«0. 0 Um^l:^3 9 2MPa«I 

[0 10 8] h^CD^JnTC^^^iS^ 

^ [0 10 9] *L SI CDfijg^ffiOli<r>^(D^M 

[oiio] si <D$£M&m. m4\z^r^o\z, s 

*f, y7 7 7-fh**flcl/T, ^777< Mc£3#?L 
ft&ttft 1 2 ^ffSt^ ttfy^s'l 0 1) o iSJE§ 
*3 Ofe»JHtt«fcLT, B5/±Si§3 0fttC|£tt£nT 
ViSBiAc*S4 0 OOfg li44a ^TScei^t-S 
Uf^^S 102) o 

[0 111] *7LR«|j»#l 2^S2i44b 

30 1*4 4 aF^{catb3Atr (Xf7yS10 3) . 

[0 112] ^©i, S1I44 a|^(D?giS^Ml 4# 
Bf^fiffiUJSbfcSBT, i^JE^gg 3 0 £ 1 8 0 flPte® 
Uf^^S 104). HOtelHl»f^tJ:^T, 
■~J^h*-4^-a-^*»^« l"4-^T^l:ftlf-§$-2i 
4 4b(:ITU £coj§£R|?t, *»AK1 4t*7LK«§ 
Ml2^1$n^Wi^§ 0 . 
[OH'3] #;*»A«5 O^ffl^TiBJESS 

JETS o dcDSPJESaatCcfcoT, 

40 #JfB^Ii#Jl 1 4 «£?LJlttil6# 1 2 <0M«?L«*fc:# 

[0 114] )k\Z, *2C!>X»«l^'r)liTBI5*#B8b' 

a^&K«n. :^2(7)»j^^,§iign 

ifjEESgg 3 0rtfc&»£ftTt>5W*®S4 0 COF^SC^ 3 

T) &mn*>ntcmmm&3 o *jbh*. it*§g§4 0 

rtfcL MiettMlUoTS 1S4 4 a ti2i4 4 b 

[0 115] ffirflBtt«;R<hLTfc*, MW40vo 1 
50 %-90voUT, d^^JLS^O. 5 mm- 3 . 0 
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< , £ 0 iff* b < tela?L^ 70vol%-85vol 

[0116] fLt, ^oS2©««tn ms ICtk 

1) o iS^^gg3 0^rWffi^tCbT> ii5J3ESS3 0|*} 
^^^t^tlTl^W^C^gff 4 0 COW, 1 ^4 4 a £rT* 
fc, fg2^4 4 b£±7jf::eg£ii:£ (Xf7^S2 0 

2) V 

[oii7] ^<Dm, ^iimmm 1 2 1 4 ota 

&KEE^S§3 0 <7)W^§§4 OrtfcAn, &M14<£>$& 

£j^nfigir£?f§2!iu 4 brt^gBBL, &?imm 

* 1 2 tftlt^S 1 1 4 4 a Ct 7 ht^) (X 

f7 7°S 2 0 3) o 

[0 118] ^(Dfg, MBL^3 0 (&tfItA^g*4 
0) ^5g^L,fcft> 4 8^ICTM^3 0^I 

<7m£3i^£fT^Tl£i«H:^3 0 l^ft^^T^ 

(X^-y/S 2 0 4) o 
'[0 119]*©», b-^4 2(lIlUT^2S4 4 
b<D&m 1 4 Uf7/S 2 0 5) o i 

5 0 *HI;tjKJE*S3 0fl^Iffl#X^iAlT> 
Ri9flE«S3 0ft£JPEET£ Uf77 p S 2 0 6) . £ 

©aiEEffiatctoT, ±*i:ami2S4 4bfi© 

SMSU^ ttWR£a»U T*l:ttits»i 
144 art<0*?LR»«#l 2(DBI»II # «4»K:*«an 

[0 12 0] »2(7)l!ig^Sf*^^TH6-'ia8 

1 2 Sff«T-5fc»©j|p6 0 H 7 t^Tct5(C, ^ 

[0 12 1] (P6 0H 0 6 fcjR-ri-SK, — Rtfai/ 

7 2 (^^JR^$nfc7--X 7 0 £JP^T£fc&Ot:-^ 
7 4^gtt^nt^5. y-X7 0l^777^h, -fe 

[0 12 2] /1/XI6 2 11, ^ 7 ^tkTJ:^}^ ±SB 
HP<Z)EI«80^tt5*I8 2 < !:, MSB 8 0 ftfcjf a 

[0 12 3] 1512^6 0 t^l/XffiG 2 fcJB^fc 

[0 124] i"f, ir-X 7 0 mztfy^T-l b&A 
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*U R^-A 7 0 £^6 OrtlrJR^t"* (Xf77 p S3 
0 1) . p6 0ft(^Il^Ml>T, ^^r-fN^ 
««U*?L*«*S# 1 2 £fe§ST£ (7f^S3 0 
2) . 

[0 12 5] £tz, COIilCfe^Ttt, ^77r^h 

icMbTfS^ltt^ciCckD 3 0 0 ot:eflE*-c 

[0 12 6] *<^». ^6 0^6*7LH«»*1 2 £>y 
10 -A 7 0 r<hS9fctibT, yux«6 2<Z>K1«5 8 0|*jtC 
^7LH^^#:i 2^^-X7 0 CTtJR*^* Uf7^ 
S 3 0 3) o 

[0 1 2 7] frlZ. ^-77 OfttC^Jll 4©»»8 6 
^rft^Ufcft (Xf7/S 3 0 4) , /t>7^8 4£KI« 
SOrtWiU dr-A7 Oft<0ttlE*»8 6St¥LT 
tfffiA-TS (7f77^S 3 0 5) p CCDA 0 >^8 4C0W 

r2©H»?L«*fc#«T*£££ttS^ 
[0 12 8] ±j$(7)S2(DiS*Sf;^l^, Mf3/t> 
it? ^8 4fc<fc*JEAP#tDBE:*J*l i 01- 2 0 2 MPa 

(1 0-2 0 0 01© ^-rscitawsLt*, 

B 7 fc«-T«fc 3 lC, ^r-X 7 0 ^j£S5^^S 8 2 C7)j£g& 
fc* *?LR«Sttff 1 2fc«#"r*^fX«ft<fc«)0^fX 

5±5fclTt)ckk /1>?8 4<7)i£A&f 

fc, *a*«ft*6ttl 2fc»#TS;»A**;ffAft#?L8 8 

K#A^— X^frfo*!* Hiztcft:^. 
[0 12 9] Z<D£o\z\ m 2 (DWimjf&V&Jim&m 

30 trc£fc«fctK P^yr-f h\z£2>gr1immi&&i 2-. 

(7)£I1 4<D^gfflS^^atCfT^C(?:^T#, 

fc. MSISS* l 2 1 4 oti$^ft±^ t 

- (fc^lSj -1-8-0 -^O-WZ-m-K^J^*^- - 
T, t^o, MV9*9yi x l 0- 6 A-l 0x 10-V 

[0 13 0] ±m<D&6 OOttbDL ^aftSfUfflT* 

(Xtt»»©S i C) WLT4I1 4^tSm< 
nct^I^LK **W*CJ4. 8886^1200 

•cgSTSbssen ^7 7 7^hWiis^ioo 

0t-140 Ot^M^lK 

[0 13 1] ^{r. M2©KaSO»»fcfllSfc:-h>'> 
i7» 1 0 BICOUTIH9 fc#H8b»:36*6R?HT«». 
[0 13 2] S2OH35SC0^tc«^t-h">>^«l 
5(9 0BH B9l:*tcl;5i:, *-#>3l^OR^<Z) 
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12atMH (DMfc I 4 at U ffi&WL 

[oi3 3] mtt-#>x\t^<Dmm&£VT\±, m 

Bmmtfil 0 0W/mK|^±, iSKttl 5 OW/m 
«2 0 0W/mKHJ: «m#ft^tt»T<BjI£iI) O 

fflTsitms, ^^ras, Wtmmmtfii o ow/ 

ilTM^n^t - hy>^« 1 0 B^t 9 Mta^ 
[0 13 4] Sfc, C©*2(DSH|C!)»l8fc«-5fc-h^ 

[0 1 3 5] fit, JfflEffi£iB*£LTtt. /l/Xi 

tt, 10. 13-101. 32MPa (100-100 

[0 13 6] WE*~#>Xtt-t(0|SI***:(D»ft: 
12at, &JR 1 4 C0j»flc 14a <^¥^l»*«[«tt, _1_ 
M m- 5 0 0 /xmT&5 C£aW£l^o #-/tf>Xte 

H*ftrt*2 0 v o 1 %— 6 Ovoll 14^8 0 

v o 1 %— 4 0 v o 1 %Ot5iilT^5o CtlfCck 
tt3ST^ 3$4^^(^^x«^^n^<7)|ft^^3<D^ 
fia»*^2 0 0- 3 5 0W/mK^iT*oT, 
SiK5i*^3 X 1 0- 6 /"C— 14X1 0- 6 /tt*5b 

—[-0-1-3 -7-]— £ ©«-2-<©*«©»»k:-«--S t— H-3^>*- 
V^o £-<7)j£lrafe£DTte," S i CStf/X(iS i 

[0 13 8] £fc, # — #>:*fM-<0ra*#+fc, 

l^TfeiK ZKOmnjzm tlsTlZ, TL W, Mo, 
Nb, Cr, Zr, Be, Ta, V, B, Mn^SBS? 

M^mm&miz, jj—tf>x\tt<Dmm»<o&mizR 
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[0 13 9] 4Ktt, fiH£&JR» 

*.tfTe, Bi, Pb, Sn, Se, Li, Sb, T 

1, ca, cd, n i a> saws tut iaj^±^^in*r 

[0 14 0] ffiE&JR 14C, Nb, C r, Z 

r, Be. Ti, Ta, V, B, M n ;&> SS&^ftfc 1 

[0 14 1] £fc, ffifffi&JKl 4K, i^iftft£fe£jS]±£ 

[0 14 2] Sftffi^Ml 4tc, HjAeffiMS«<S 

[0 14 3] Jfcfc, Z0)M 2 (Dmi&<Dm3AZ&%t-- h 
50 R^SS4<oaiit^ffi) £0 1 0-01 4*#JHL&J&*S 

[0144] *r, *3(©»ifi*ft«, »#wtc:j4iai 
. o r^h 1 1 \z*:<d— m&7f;?<k o =f>mm&m 1 o 

"0"~(ia-i-o-#m)-<h; ^h-^i/X-f r o-2- (iTtr 
[0 14 5] fMfiiooH 0lOl:^T«l:5 

- \z, ±%$mn<D\m$& i lo^ffs^ii i 2<t, as? 
i i o ftizmm*iffit£rt. ^o, cnssi i oi*3<di*j§ 

*^»LTtfHAt^/t>^ 1 1 4 i^Wt^o 
40 7 0 1:11, *-*>X»4^-©R|*#<?!>»ff 1 2 at^JS 

1 4<7)»#1 4 a tftfi&LfcfeO, KP^, g^ftlO 
4jWK«Sft*. 

[0 14 6] h^l/XS 10 2H 0 1 1 tc^-rj; 
Utt^ll* 1 2 Ol^tr., S^Slta5T/t>fl 

2 2L ST/t>fl 2 2JifcH*Stlfc±B5H!D©JI| 
iBfi^H^cSS l 2 4 l 2 4i*gfc±:&j&> 
e>iliigffich$n^:±yN 0 >^ 1 2 6 >, MI8H^c#» 1 
2 4 «riP^*rSfc8&Ofc — ^ 1 2 8d*KW6tlTVi-5. 

if^c^gg i 2 4 fctt, ffirET'fflfiR^« i o o T«»sn 
0 4ofi«»#i o 6 wsns. a 
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43, £CD*y Nyix^fill 0 2 Kite, *ffl5l#<^fc»<D 
K^f 1 3 OtfKtt&nTH*. 
[0 14 7] T/Of 12 2$>W«fctt, H*«81.2 

»3ii'r*fc«>o»ijiffl»#s»as'&sa»i 3 2 ana 

[0 14 8] flt> ^3c^)M3t^ffi«, SI 2^^-T 

* — #>Xtt J E-<Z)RI*ft:©»<H 2 a t^Il 4 
1 4 a frtAttTfifi' UTS^* 10 4 (X x 

y^S4-0 1) , 04^Ao^-X7 0£ 

^ffi^^^l 0 0fc*W**ai 1 2<DG3«1 1 0 F^tC 
JR^T£ Uf*;^S4 0 2) o /t>^l 1 4 

£G3gBl 1 OrtfcBEAUTS'&Wl 0 4STiflt»bt 
Ti«»#10 6tft»t5 Ufy^S4 0 3). 

[0149] VK\Z, &m 112 *> &^flMHKfle 106$: 
^DffiLT, RfM»#1 0 64*yhyi/Xil() 
2tc43tt^>Wi>C^§gl 2 4ftJCiR§-r^> (Xf>yyS4 

0 4) o M'Xm°sl 2 4S«»Ufc«* R»flf 1 3 0$ 

1 2 4rt£fi£Ett»fc:-rS Wfy^S 4 0 5) o 

fc — ^ 1 2 8 UlilT, m*X&S 1 2 4\*\(DU& 
1 4©l»jft©- 1 0T> — 5 otm (X^y 
4 0 6) o 

[0 15 0] Bf*«flEK:MIL,fc*l»T, i/t>fl 2 6 
h'»^#l 0 B*»5 Uf7/S 4 0 7) o -t© 
SlOB'tLTffiffiSftS. fib, ^-7^>X^ J eo|^I 
£4§£r*cte, fl9KJnEE»fc\ ^11 4<Dl»jft£U;STlri 

[0151] ti-#>xfe^cDfflmi£^<Dmim7L 

[0 15 2] Z.<D&?\Z. m3(DMmJj&<D&j:m$:m 

mjjfa<Df£fcmm&2 0 0-3 5 0W/mK^iTio 
T, SiW3xiO- 6 /t:-14XlO; 6 / 

[0153] &\z, fS4<omm^miz^^xm 1 

\t. Bl4l;sn5t, TFfiiBKJBtB l 0 0 ttte/B-tf-f 
*y^l/7«10 2O*Sffifflnctl:J:oT 

[0 15 4] BU-fe, B13 ^r-X 
7 0ftl:A-#>XI«OH*#(0»*l 2 at4Il 
4 0»ftl 4 at^Xntl^l/Tfiftftl 0 4 £f#fc 
^ Ury/S 5 0 1), ^r-X 7 0ftco?g^l 0 4 
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y N^l/Xil 0 2 1Z&V}2>WI'X®&1 2 4ft 
fcJRSTS (Xf^ys 5 0 2), »*«Bl 244S 

^bfc^, 3 o*ai;TW*«s8i 2 4 

£3l££froT^W*^§§ 1 2 4ftft»E««ICt« 
(Xf7^S 5 0 3). -t<Z>» v t-^ 12 8 KilSL 
T, »5k«S 1 2 4ftc7)fiS£:&Ml 4©»jS©- 1 0 
t—SOtm (Xf77 p S 5 0 4) o 

[0155] mmumizmvrz^x\ ±.n>^\ 2 6 

*T^^»»*ii:T, M&mi 0 4 grftUEbTh- h -> 
i0 1 OB^fH ttf'^S 5 0 5) o 

[0 15 6] £©»4<0ttgr*»fc43^T*>* KSrr* 
3(**|«©3p^x»4^Tn^O»*ra©»€5»*^2 0 
0-3 5 0W/mK^moT, fro, 8&P5S^# 3 

x i o- 6 /t:- i4xi o-*/x:~e&2>}i—hi'>&tt 

1 0 B £<hj&*"C€r*. 

[0 15 7] *3©*JS<Z)»JBfc«<5t-h^> 
[0 15 8] m3(Dmffi<DMm\Zffi%li-hi/>?ttl 

2bn n2<D^ffi<Dmmxm^rz%-7£>x\t*<Dm 

[0 15 9] gftfBA-^^X^CDig^^bT^ ^ 

[0 16 0] ffifE*-*>Xtt*<©H*ft:0»ft: 
1 2b(Z)?^©*etH 1 /xm~ 2 OQ X/imT^ 

T, *->K>Xtt*a>H*«:co»ff 1 2 bi4Il 4<h 
40 (Dfcmmt. fJ—y£>Jtfc J £(DW]mfc&2 Ovol 

8 0 v o 1 %, &m 14^80vo l%-20vo 1% 

[oi6i] %-#>xfe^<vmmfc<Dmfc 1 2 

[0162] msb^mi 4tc«, m 1 (Dmm<DMm<Dm 
Gtmmiz&WitiQTbm&m^z c t^isiK 

5^ *#<tAJK 1 4 tOK*tt*lRj±*«*fc»(D«liP5c 



27 

[oi6 3] mz, &3(Dmm(Dj&m<Dm5<Dmmj5m 
fc^THi 6&mmi>j3i&>=>tfiw'rz>o com 5 com 

tt§ (Xfy^S 601), 

[0 16 4] flT, -£-Ofi-&«*Bf«JE*T?JP£EL/T 
: T>m&Lm&$:f&M~? Z> (Xf^^S 6 0 2), SPJE^S 
tVT\t^Uxme 2 (B7#I) X«fMMlO 
0 (H10#ffi) £JB^£<hJ;^o 

[0 16 5] #6ntf«it»#l:»B4li 4 

6 0 3), dCD^^SSH, WAH gSMl 4**1 

[0 16 6] S Z\z> Xr^i/S 6 0 4tt^T, ^ffi 

JB 1 ©5KI!W»«£R«fc:fT'5. 
[0 16 7] fit, ^ffijfc^Kjgli&JRl 4£^g 
(X7^S 6 0 5)o u^IIiH igico 

t/^c i^JE^g§3 0 (B2#I) SttffibT,- ff§ 

lOSit^ffi (H3#IH) fc*W*X?yys 2#>£;* 
r^/S 9(DXfi£:fr5 uttt- bzs>#tt 10C$ 

[0 16 8] C<0*5O«ifi*ttfcJ:ntf, Xf^S 

[0 16 9] £fc* #bn^t-hy>^^l OCft 
[0 17 0] $ 6 Jr. Ml 4<Z>yj#^-/ h7-^H^ 
[0 17 1] SfcSSfc, t-hy>^tn 0 C£«Hiffi 

[0 17 2] d«)«5a)«it^ttk:45^Tt), frF^S 
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[0 17 3] *^«ffi*«:ftf*U&»d©ar 

[0174] * 5 o)»a*ttfc<t 

*hi 7tc^-fo bii 7 <D%iM3i&<Dm~z *mm\ t 

SSSntlriSfeOlt ±fBjlni£X@X5 : -^7 p S 6 0 2 

$nil^t>(OH »ftl 0 0 0 cm 3 l:*«7X10 
c m 3 10 0 c m 3 ^»LTiI»L, -^Olt^f&Bf 
J0 ( 1 2 0 0TC) lC*t**5X«»*S*Tj«»Lfc'b 
<D!?$>Z> 0 

flO 1 7 5] Jfcfc, »3©*«©»IBfc«*k-h^> 
/ ^tll 0 <B*6(D«it;£ftK:^TEI 1 8 *#B8LS:^ 

»ufejgfit^jRi 4xam#»KioM mm#w 

&K) SrJBJTrs (Xfy^S 701), ddT, 

[0 17 6] Jfcfc, #-#>Xfctt<Z>R*fl^J»#l 2 ' 

£ Ufy^S 7 0 2), V) ■ 

[0 17 7] fLT, COfiftl 2V*a^a*jfc»»] 
&M1 4*fcttH«*fip*K**jtHPXL, »g©»y 
H^TSC^Tt - h~>>#« 1 0 Ct#5Hfcj}<T 
^£ (Xx^yS 7 0 3), 

[0 17 8] ?g6 0«it56rffifc*tiT#6nfcfc— hS/ 

[0179] #l\z, i^ommm wivjukm) ^ 
-r. 3ss<&#— (p, m> 

^^yjffi^^^x> 2^m<Dm&mmcom^. 2^ 
ift9#ft»asi8oa^ 2^fFioffltf5tKcDsv^ »7k 

»«OBSSB19-0 2 1l:^t. Sfc, 3«^CT)^ 
-#> (P, M, N) 0ft«FttSH2 2l:St. 

49 [0 18 0] &i5, »*tttt* ?i/>T—$n\Z'}>mL<Dik 

[0 18 1] t«*ffitLT4S^l/X*ffl^ft 

50 [0182] ^^hs ttT;ust*aa*&t>a>j4, 
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<&#*n»e** < & o t n a . 

[0 18 3] ^a^rffiiiUT^^UPJESffll^fc 

[0 18 4] *xinffi©*««T»B*arx*ti 
[oi8 5] jft»a*fc^^Ttt, -r^r©*— #>fc 
[0 18 6] Sfc, rintt^^]±^^^^JP7n^^^^ a? 

[018 7] z.tip>&-y->zf)wt* mijfatmts 

[0 18 8] 2 0©**« (i2a^3(Di 59 

mm) £^-r„ ^ne^^win mionfficommiz 

[0 18 9] ^20iMJl tiEA^2 6. 7 MP 
a (2 7 2 kgf/cm 2 ) , St/1 56. 0 MP a 
,( 1 5 9 2 kgf/cm 2 ) TfTofco £ <O|ilfc0ij(Z>M 

[0190] 024tt, ««fc»TL* (DTST) , 2& 40 

tx«flE"(0"c«-r) ^^x> ««t*ajE**to. 

[0 19 1] *-#>©JE«aft* tifttt : J I S 

R 1 6 0 8 77^f >-fe7 5y^^©ffitt«iSK* 
27&) MMt2 4. 5-34. 3MPa (2 5 0- 
35kgf/cm 2 ) , f$MT34. 3 — 44. 1 
MPa (350 — 4 5 0 kgf/cm 2 ) ftOt, ^1 CO 50 
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mmfrz* ±E-&axsTtt*-3p>©BEtB!ftft<7)4'- 

[0 19 2] K3CDMMI1 «E*t2 6. 7MP 
a (2 7 2 kgf/cm 2 ) , 6 0. 0 MP a (6 
12kgf/cm 2 ) Tfrofc. £<B*IfcM0>ie*£:0 
2 5 — 0 2 9 K^To 

[0 19 3] H2 5tt««UX»€e**toT. WHIZ 
[0 1 9 4] £CD0 2 5*6, -&»JBE;*jS:B5< 

[0 19 5] i2 6-02 8H ttWfttw^SJE* & <to 

[0196] 12911 tt^-T S 2 O0fJ|RlT©»fi 

feo C(DH2 9*6, SS^*ajE-*ftft#b 
[0197] DOES 2 Rtflg 3 ©SttMlTtt, ^§£2? 

Lfc^<h-e, 41i4fl)«I*JIAfcJ:ii:J: 

[0 19 8] SSfc, 9J0 2^0*«k« (Sg42fcl£Sg5 
^^"To Cl©a4fttfJB5©*IkWttv ^4 
©**G>»lBfc:i3i^T. ^-^>l:#I 1 4 £^a£i± 
S4»l8t; ^aSnEET£S<£#ajE:*J<h. M14 

[0 19 9] S4 0*K«H tlMCCu 0. IN 
b*«JSU *«ffi**to*&^7C**f4:* 2 7MP 
a— 4-8-M-P-a-. 0 M P a £-JPEE ^feWfi^fi^ 

fc. C©*Kk«©»*ftH3 1 »c*-r. 

[0 2 0 0] 0 3 1 tt*(ftfc»?L«, - ««^aS»7L* 
fltSr^D. **ajE*©«^t*tt**lr*ft-afcfe©T 

:©H3i*6, ^■aff**±tf*eii:7?'&a« 

[0 2 0 1] ^5(?)iWiH *aS1*-*ftJPUC7C** 
»»b&^7C*»t, Cu5SiS:SllPtfc«^StfC 
uO. lNb^ttlfei^WO, <g-affi*tCOHT 
tt 2 7 M P a ©S* t 4 3 M P a Ol^T^R 1 fc. Z 

(Dnmmomsk&m 3 2 k^t. 

[0 2 0 2] HI 3 2 fc45tt*7C*tttt, 031 \Z$$Vt2> 
[0 2 0 3] SJObfcTcSOCu 5 S i 14, 

ia««i^3 0t;H±*5©t, cuo. lNbttb^ 

T»8E*ltt (Jitltt) tf*cfcl>. Cu5Si$ 
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[0 2 0 4] *-3S>X(»©HSMH:ftiT 4 

[0205] si ctc»nttaso3tJ6(Dasjoaii*An 

5 %£TCDi5fflT, Be, Al, 

si, Mg, ti, n i ^sa«snfciaa±©*jp 

[0 2 0 6] fit, S i C<h&M 1 4 <h<7)?§ntt<7:>fa 
±£EloT, Si C \Z=?)sb 1-1 Ovoll MSL< 

[0207] s i ct&jsi 4 t(Dmnvk<Dfa±. 

Zm-o-t, SiCCffeSi^l-10vol%, IS 
L < 11 3 ^ 5 v o 1 X ^ t^Jf i Lli. 21© 

[0 2 0 8] fit, MIBS i ClC^tf) 1-lOvol 
%cdn i &6o^£S£t\ i £ 1-10 

vo UtaStSCitBILT, S i CUf 

[0 2 0 9] $ifz, S i C <h£Jg 1 4 J4iftja»C*lr>TS 
BES i C^S i £C\zftM2tlT*m<omm 

HMMtt (KfiE«S3 0fc##-r.SEE*=0. 9 
8 MP a (10kgf/cm 2 ) 6t±; 9 8 MP a (1 

0 0 0 kgf/cm 2 ) KT) . S2 0»i|fr 
t^S = ^M 1 4©H»j«J:0 3 Or- 2 5 orSS^fflff) 
XttS 3 OffiS^fr (S i CfC^tf) 1 - 1 0 v o 1 %<D 
N i £>o#£JST) SiJESWditit), S iCt 

4t©»*l^|BISfi<rsci*«T?#Sfc», 89 
fB<£>ci:-5&S i C <B##E«**ittfciaiB-r<5 - £**T 

[0 2 10] S i C<h£JSl 4ttt«ntt^I^ 

W^^^Stt*. 3 <7)£l3l5£# (S i CCfft 

1 - 1 0 v o 1 %(DN i &-D$&ffiT) , X\tfS4 0Hl 
m&ft (SIC lZ^& Si^l-lOvol %<a**I£i± 

«) Srff'j c: <to s i c©«?L«ffi*«iik>t an, s 



(17) #12 0 0 1 - 3 3 9 0 2 2 

i Ct4Bl 4 <h<DjSntta*&#£&£fc#K ctOfiEE 

[0211] ::t% S6>t*j©«ik« (S6(D*i 

W £^To C©jB6©*|fe«tt v S i COM*, ft 
NiJ6o^O#to, S i^Sco^T**, ^igg, 

S i C/C u Ofi««iB t C u OM*i8©I^ t*fc 

20 03 0 1:^^1, S i C/C uOEJCttatt, S i C £ 

cuiomiioBrtsnfcgiBiof* 

Tft££#)t<> ^O&^&^te, J^TcDffiOT^^o £ 

it. zo&mgiftommt. s i ctcutcomtzs u 

[0 2 12] -^/SJIcDP* ifil iimSKT - 

*J 

[0 2 13] ^©iiJgf^e), S i C(D^im. ft?L 

mm*, tammwiRzf^mmmz'D^x 
■*n*nHf3eiBHft*tjB"r-5-fc<o (it>y^3, 7, 

8, 11R0C12) KO^Tte, l^fnt)S iC/Cu 

[0 2 14] Zn^>^r>^)V(Dot>. *t>7)l3, 7, 
SfroT^Sfc*. CutOflBntt^AifftftO, AOS 

&sm £ fi < l t *> stria (D «fc a & j? & mmofin s nrc* 

_ S-ff^^ev^v* 2JPJEE t) *iS-<- b & fc ct o T r W 

&«g*a«»e>nfc. 

[0 215]-^ DPJE»^»E0f3e«H«fcOfcffi^ 

0. 7 8 MP a (8 kg f /cm 2 ) 

1, 5Rtf9fCO^Ttt, Cu^Itt^^^fnt)^ 

fi^fcOtC^t^Ttt (*>^;HR«5) . S i C/C 
[0 2 16] it>y;i/6 tCO^T, S i C/C u 

ifcoTt**©**. »a*»(CX»7LS^-en^?nHff«iB 
i^it^&^^men, it>y;n 4^0 

^T, *««S3Wfi»T*-5fcfeJ6fto6rs i C/Cu 

50 ^n^o 
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[0217] wz, &nmtt&mzs \ c^mmi^rzm 
ffiowmiz-o^Trnwrzo s-r. swbjbi 

z*m 2 (Dmm^m \z&^t. s i cs«fflts^ 

g (Xf7yS 1, Xf7^S 10 1, Xfy^S2 0 
1, Xf7yS301, WXfy^S 3 0 2) te^g 

[0 2 18] *TLR«U8*^S i C&flJflJLfc 

(Sg 7 <D§Jjg7?i£) K^T, H3 3-H3 6S#»U 

[0 2 19] C^7 0gjg5©l JUfcftt;:teS3 3 
fc*©— «*3R-rj:3K:, *yh^l/Xil 0 6 0S* 

6 OH, ttEJB2 0««0»«TK?Hb&*y 

& 1 0 2 &K«nU«liaT»**«, fl!J[±, 0£#l*T 

[0 2 2 0] Z.<D*y h7\s7M 1 0 6 0H ffitt<Z>tt 
ft:i 0 6 2rtH, S^£*te£T/\°>5P 1 0 6 4 K 
T/t>^ l 0 6 4±fcHJ6Sftfc±IBMa0iHjW£» 1 

0 6 6 £* ttMAffll 0 6 6rtK±3Er*6i»aaai: 
Sn3tiM>f 1 0 6 8 WEiB^Sl 0 6 6£iQ 
m^ZtztbCDt — ? 1 0 7 0*«KW6tlT^iS. 

h^UXll 0 6 OtcH *S5l€rofc*<7)K 
JMfl 0 7 2)W»»6nT^S. 
[0 2 2 1] SflflBW^C^S 1 0 6 6H 4>S« 1074 
^tt^W^lft^t^o ±/^>fl 0 6 8H -t 
CDfiflSk:* ^_h/1>^ 1 0 6 8 0ffS UhP-W & 
8tfe-tZ>y7>zSffl 1 0 7 6 ^§£#6*1* BE7^>^« 

1 0 7 6 OTifcH 1 0 6 6 <D±M® £ 
}£MbTil*^g§l 0 6 6&«Mttffifc-r*fc»©ACy 

0 6 4£>|*!3ncte, I**Sl 0 6 6rt*»j»T«fc» 
COjp|Rffi8fE#:^»^ggl 0 6 6 rt*?&aiTifc«>(Z)ft 
mm%Lft&&iMZ'&Z>M$&l 0 8 oa*Rtt&*TO'>*.' 
[0 2 2 2] fit, *7©«it*ffitt, i3 4tr^-r 

[0 2 2 3] S-r, W^gg 1 0 6 6 <B*£ffl 1074 
ftKl, T*5SiC 1 0 2 0, MIt7$yi7|l0 7 
^W 1 0 5 4, 1 4C0«L©JB"Ct9!A-rs Ut7 
7 4 S130 1) o 7^i^l 0 5 4 <h ITU »?L*rt* 
40%-90%T, A^OflTLSAfO. 5mm-3. 0m 

m-c$> z>&nn± ^^vztt&m ^ s z tiflm * b < > 

J; 0 iff t L < ^g?L$^ 7 0 % - 8 5 3&^«?Lg 
Omm-2. 0 mm"Cfe^^?LS-tr ^ ^ y 

[0 2 2 4] mZ7 4 1 0 5 411 S i C 1 

0 2 0 1 4CD»i«tt«loTPI»t#i(i(S«it 
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*<tt«tEtbTO«llB**fcb, *£SBl 0 7 4<Z><5 
1 0 5 4±©*H 4<D»d«ty hStlfc 
SB#£±^ 1 0 7 4 a, 7^fMlO54T0SiCl 
0 2 0^-fey hSh&9»«Til 0 7 4bilT^l 

[0 2 2 5] |^»S1 0 6 6*SSLfct, © 

1 0 7 2 «r»i;TWik*»l 0 6 6 35^31 
fToTKW*«8 1 0 6 6<DM^ 1 0 7 4 aStf 1 0 7 
4bft*ftJE«J8fc"rs Ut77 p S 1 3 0 2) . 
i0 [0 2 2 6] f0E h-^ 1 0 7 0l:IttT±tl 

0 7 4 a ^<D^S 1 4 *toj&««rr * Uf^ysn 

0 3) o CCDt^. Wffit-^ 1 0 7 O^CDiI«£0Mi: 
>?1 0 6 4 (AjISS 1 0 8 0 rttCjP^ffloftffc^flft 
bTI**§81 0 6 6 0^gSSrSn«i-r^cfc^^bTt>^ 

[0 2 2 7] ±£ 1 0 7 4 a ft<E>&M 1 4 (D^M^ (* 
H&R) 3^BfffiaflEfc«bfcRBT, ±/1>ePl 0 6 8 
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CLAIMS 



[Claim(s)] 

[Claim 1] Heat sink material characterized by the average of 3 shaft orientations which intersect perpendicularly, or the 
thermal conductivity of one of shaft orientations being 160 or more W/mK including carbon or its allotrope, and a metal. 
[Claim 2] Heat sink material characterized by for the average of 3 shaft orientations which intersect perpendicularly, or the 
thermal conductivity of one of shaft orientations being 180 or more W/mK in heat sink material according to claim 1 , and 
coefficient of thermal expansion being 1x10-6/degree-C - 10x10-6/degree C. 

[Claim 3] Heat sink material characterized by said allotrope being graphite in heat sink material according to claim 1. 
[Claim 4] Heat sink material characterized by said allotrope being a diamond in heat sink material according to claim 1. 
[Claim 5] Heat sink material to which thermal conductivity is characterized by using the thing of 100 or more W/mK as said 
carbon or its allotrope in heat sink material according to claim 1 . 

[Claim 6] Heat sink material characterized by sinking into the porosity sintered compact obtained by calcinating and 
connecting by network said carbon or its allotrope in the heat sink material of a publication in claims 1 and 3 or any 1 term 
of 5, and said metal being constituted. 

[Claim 7] Heat sink material characterized by for the porosity of said porosity sintered compact being 10vol(s)% - 50vol%, 
and an average pore diameter being 0.1 micrometers - 200 micrometers in heat sink material according to claim 6. 
[Claim 8] Heat sink material to which said carbon or its allotrope is characterized by the range of 50vol(s)% - 80vol% and a 
metal being 50vol(s)% - 20vol% for the rate of the volume of carbon, or said its allotrope and said metal in heat sink 
material according to claim 6 or 7. 

[Claim 9] Heat sink material characterized by adding the additive which reduces the rate of a closed pore at the time of 
calcinating this carbon or its allotrope to said carbon or its allotrope in heat sink material given in any 1 term of claims 6-8. 
[Claim 10] Heat sink material to which the additive which reduces said rate of a closed pore is characterized by being SiC 
and/or Si in heat sink material according to claim 9. 

[Claim 11] Heat sink material characterized by sinking into the preforming object which mixed water or binding material to 
the fine particles of said carbon or its allotrope, and was fabricated under the predetermined pressure in heat sink material 
given in claims 1 and 3 or any 1 term of 5, and said metal being constituted. 

[Claim 12] Heat sink material which the average powder grain size of the fine particles of said carbon or its allotrope is 1 
micrometer - 2000 micrometers, and is characterized by the ratio of the die length being 1:5 or less in heat sink material 
according to claim 1 1 towards taking the direction where said fine particles take the minimum die length, and the greatest 
die length. 

[Claim 13] Heat sink material to which said carbon or its allotrope is characterized by the range of 20vol(s)% - 80vol% and 
a metal being 80vol(s)% - 20vol% for the rate of the volume of carbon, or said its allotrope and said metal in heat sink 
material according to claim 11 or 12. 

[Claim 14] Heat sink material characterized by mixing the fine particles of said carbon or its allotrope, carrying out casting 
shaping and being constituted by the liquid condition or solid-liquid coexistence condition which said metal dissolved in 
heat sink material given in claims 1 and 3 or any 1 term of 5. 

[Claim 15] Heat sink material characterized by the rate of a closed pore being less than [ 12vol% ] in heat sink material 
given in any 1 term of claims 6-14. 

[Claim 16] Heat sink material characterized by the element for a wettability improvement of an interface being added by 
said metal in heat sink material given in any 1 term of claims 6-15. 

[Claim 17] Heat sink material characterized by being one or more sorts as which the alloying element for a wettability 
improvement of said interface was chosen from Te, Bi, Pb, Sn, Se, Li, Sb, Tl, calcium, Cd, and nickel in heat sink material 
according to claim 16. 
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[Claim 18] Heat sink material characterized by adding the element for raising reactivity with said carbon or its allotrope to 
said metal in heat sink material given in any 1 term of claims 6-17. 

[Claim 19] Heat sink material to which the alloying element for raising reactivity with said carbon or its allotrope is 
characterized by being one or more sorts chosen from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn in heat sink material according 
to claim 18. 

[Claim 20] Heat sink material to which the temperature requirement of solid phase/liquid phase is characterized by adding 
the element 30 degrees C or more in heat sink material given in any 1 term of claims 6-19 in order to raise fluidity nature 
to said metal. 

[Claim 21] Heat sink material characterized by being one or more sorts as which said alloying element was chosen from 
Sn, P, Si, and Mg in heat sink material according to claim 20. 

[Claim 22] Heat sink material characterized by adding the element for reducing the melting point to said metal in heat sink 
material given in any 1 term of claims 6-21. 

[Claim 23] Heat sink material characterized by said alloying element being Zn etc. in heat sink material according to claim 
22. 

[Claim 24] Heat sink material characterized by adding the element for raising thermal conductivity to said metal in heat 
sink material given in any 1 term of claims 6-23. 

[Claim 25] Heat sink material characterized by the heat conductivity of the alloy which adds the element for raising said 
heat conductivity to said metal in heat sink material according to claim 24, and is obtained by a segregation etc. after heat 
treatment, processing, and a reaction with carbon being 10 or more W/mK. 

[Claim 26] Heat sink material characterized by mixing the fine particles of said carbon or its allotrope, and the fine particles 
of said metal, being fabricated and consisting of under a predetermined pressure in heat sink material given in any 1 term 
of claims 1-5. 

[Claim 27] Heat sink material characterized by the average powder grain size of the fine particles of said carbon or its 
allotrope and the fine particles of said metal being 1 micrometer - 500 micrometers in heat sink material according to claim 
26. 

[Claim 28] Heat sink material characterized by mixing the grinding decision material of said carbon or its allotrope, and the 
fine particles of said metal, being fabricated and consisting of under predetermined temperature and a predetermined 
pressure in heat sink material given in any 1 term of claims 1-5. 

[Claim 29] Heat sink material to which said carbon or its allotrope is characterized by the range of 20vol(s)% - 60vol% and 
a metal being 80vol(s)% - 40vol% for the rate of the volume of carbon, or said its allotrope and said metal in heat sink 
material given in any 1 term of claims 26-28. 

[Claim 30] Heat sink material characterized by for thermal conductivity being 200 or more W/mK, and coefficient of thermal 
expansion being 8x1 0-6/degree-C - 14x10-6/degree C in heat sink material given in any 1 term of claims 26-29. 
[Claim 31] Heat sink material characterized by adding the additive which enables re-baking after shaping at said carbon or 
its allotrope in heat sink material given in any 1 term of claims 26-30. 

[Claim 32] Heat sink material to which the additive which enables re-baking after said shaping is characterized by being 
SiC and/or Si in heat sink material according to claim 31. 

[Claim 33] Heat sink material characterized by the low melting point metal for a wettability improvement of an interface 
being added by said metal in heat sink material given in any 1 term of claims 26-32. 

[Claim 34] Heat sink material characterized by being one or more sorts as which said low melting point metal was chosen 
from Te, Bi, Pb, Sn, Se, Li, Sb, Se, TI, calcium, Cd, and nickel in heat sink material according to claim 33. 
[Claim 35] Heat sink material characterized by adding the element for raising reactivity with said carbon or its allotrope to 
said metal in heat sink material given in any 1 term of claims 26-34. 

[Claim 36] Heat sink material to which the alloying element for raising reactivity with said carbon or its allotrope is 
characterized by being one or more sorts chosen from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn in heat sink material according 
to claim 35. 

[Claim 37] Heat sink material to which the temperature requirement of solid phase/liquid phase is characterized by adding 
the element 30 degrees C or more in heat sink material given in any 1 term of claims 26-36 in order to raise fluidity nature 
to said metal. 

[Claim 38] Heat sink material characterized by being one or more sorts as which said alloying element was chosen from 
Sn, P, Si, and Mg in heat sink material according to claim 37. 

[Claim 39] Heat sink material characterized by adding the element for reducing the melting point to said metal in heat sink 
material given in any 1 term of claims 26-38. 

[Claim 40] Heat sink material characterized by said alloying element being Zn etc. in heat sink material according to claim 



http://www4jpdljpo 3/24/2004 



Page 3 of 4 

39. 

[Claim 41] Heat sink material characterized by forming the carbide layer in the front face of said carbon or its allotrope in 
heat sink material given in any 1 term of claims 1-40. 

[Claim 42] It is the heat sink material characterized by formation of said carbide layer being a thing based on the reaction 
of carbon, or said its allotrope and alloying element at least in heat sink material according to claim 41. 
[Claim 43] Heat sink material characterized by said alloying element being one or more sorts chosen from Ti, W, Mo, Nb, 
Cr, Zr, Be, Ta, V, B, and Mn in heat sink material according to claim 42. 

[Claim 44] It is the heat sink material characterized by being at least one sort as which said metal was chosen from Cu, 
aluminum, and Ag in heat sink material given in any 1 term of claims 1-43. 

[Claim 45] The direction which takes the minimum thermal conductivity in heat sink material given in any 1 term of claims 
1-44, and heat sink material characterized by the ratio of thermal conductivity being 1:5 or less towards taking the greatest 
thermal conductivity. 

[Claim 46] The manufacture approach of the heat sink material characterized by having the baking process which 
produces a porosity sintered compact by calcinating and connecting carbon or its allotrope by network, the sinking-in 
process which infiltrates a metal into said porosity sintered compact, and the cooling process which cools said porosity 
sintered compact with which said metal sank in at least. 

[Claim 47] It is the manufacture approach of the heat sink material characterized by producing the porosity sintered 
compact by said carbon or its allotrope by said baking process's putting in said carbon or its allotrope in a container in the 
manufacture approach of heat sink material according to claim 46, and heating the inside of this container. 
[Claim 48] It is the manufacture approach of the heat sink material characterized by infiltrating said molten metal into a 
porosity sintered compact by immersing said porosity sintered compact in the molten metal of said metal into which said 
sinking-in process was put in the container in the manufacture approach of heat sink material according to claim 46 or 47, 
introducing the gas for sinking in in said container, and pressurizing the inside of said container. 

[Claim 49] The manufacture approach of the heat sink material characterized by said welding pressure being 4 to 5 or less 
times of the compressive strength of the porosity sintered compact by said carbon or its allotrope in the manufacture 
approach of heat sink material according to claim 48. 

[Claim 50] The manufacture approach of heat sink material that said welding pressure is characterized by being 1.01- 
202MPa (ten to 2000 atmospheric pressure) in the manufacture approach of heat sink material according to claim 49. 
[Claim 51] It is the manufacture approach of the heat sink material characterized by for said cooling process extracting 
said gas for sinking in in said container in the manufacture approach of heat sink material given in any 1 term of claims 46- 
50, introducing the gas for cooling promptly, and cooling the inside of said container. 

[Claim 52] In the manufacture approach of heat sink material given in any 1 term of claims 46-51 said baking process It 
has the process which holds said carbon or its allotrope in a case, and the process which carries out the preheating of the 
inside of said case, and produces the porosity sintered compact by said carbon or its allotrope. Said sinking-in process 
The process which holds said case in the metal mold of a press machine, and the process which carries out teeming of 
the molten metal of said metal into said case, The manufacture approach of the heat sink material characterized by having 
the process which said molten metal is depressed and pressed [ process ] fit by punch of said press machine, and 
infiltrates said molten metal into said porosity sintered compact within said case. 

[Claim 53] The manufacture approach of the heat sink material characterized by the pressure at the time of press fit by 
said punch being 4 to 5 or less times of the compressive strength of the porosity sintered compact by said carbon or its 
allotrope in the manufacture approach of heat sink material according to claim 52. 

[Claim 54] The manufacture approach of heat sink material that the pressure at the time of press fit by said punch is 
characterized by being 1.01-202MPa (ten to 2000 atmospheric pressure) in the manufacture approach of heat sink 
material according to claim 53. 

[Claim 55] The manufacture approach of the heat sink material characterized by using the metal mold with which the 
clearance section for extracting the gas drainage hole for extracting the gas which remains in said porosity sintered 
compact as said metal mold in the manufacture approach of heat sink material according to claim 53 or 54, or gas was 
formed. 

[Claim 56] Said cooling process is the manufacture approach of the heat sink material characterized by cooling said heat 
sink material which sank into said porosity sintered compact in said metal in the manufacture approach of heat sink 
material given in any 1 term of claims 46-55 with the cooling zone or the metal mold for cooling with which blasting or 
cooling water of coolant gas is supplied. 

[Claim 57] the process which mixes water or binding material to the fine particles of carbon or its allotrope, the process 
which fabricates a preforming object for said mixture under a predetermined pressure, and a metal - said preforming - 
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the manufacture approach of the heat sink material characterized by having the sinking-in process infiltrated into the 
inside of the body. 

[Claim 58] The manufacture approach of the heat sink material characterized by having the process which mixes the fine 
particles of carbon or its allotrope in the liquid condition or solid-liquid coexistence condition which the metal dissolved, 
and the process which carries out casting shaping of said mixture. 

[Claim 59] The manufacture approach of the heat sink material characterized by having the mixed process which mixes 
the fine particles of carbon or its allotrope, and metaled fine particles, and the pressurization process which puts in said 
mixture in the metal mold of a hotpress machine, fabricates under predetermined temperature and a predetermined 
pressure, and produces heat sink material. 

[Claim 60] The manufacture approach of the heat sink material characterized by having the mixed process which mixes 
the fine particles of carbon or its allotrope, and metaled fine particles, the preforming process which said mixture is 
preformed and is used as a preforming object, and the pressurization process which puts in said preforming object in the 
metal mold of a hotpress machine, fabricates under predetermined temperature and a predetermined pressure, and 
produces heat sink material. 

[Claim 61] The manufacture approach of the heat sink material characterized by having the mixed process which mixes 
and preforms carbon or the grinding decision ingredient of the allotrope, and metaled fine particles, and produces mixture, 
and the pressurization process which puts in said mixture in the metal mold of a hotpress machine, fabricates under 
predetermined temperature and a predetermined pressure, and produces heat sink material. 

[Claim 62] The manufacture approach of the heat sink material characterized by having the mixed process which mixes 
carbon or the grinding decision ingredient of the allotrope, and metaled fine particles, the preforming process which said 
mixture is preformed and is used as a preforming object, and the pressurization process which puts in said preforming 
object in the metal mold of a hotpress machine, fabricates under predetermined temperature and a predetermined 
pressure, and produces heat sink material. 

[Claim 63] The manufacture approach of the heat sink material characterized by for said predetermined temperature being 
-10 degrees C - -50 degrees C of the melting point in said metal, and said predetermined pressure being 10.13- 
101.32MPa (100 to 1000 atmospheric pressure) in the manufacture approach of heat sink material given in any 1 term of 
claims 59-62. 

[Claim 64] The manufacture approach of the heat sink material characterized by heating said heat sink material to more 
than the melting point in said metal after a pressurization process in the manufacture approach of heat sink material given 
in any 1 term of claims 59-63. 

[Claim 65] It is the manufacture approach of the heat sink material characterized by being at least one sort as which said 
metal was chosen from Cu, aluminum, and Ag in the manufacture approach of heat sink material given in any 1 term of 
claims 46-64. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heat sink material and its manufacture approach for constituting the 

heat sink which makes the heat generated for example, from IC chip radiate heat efficiently. 

[0002] 

[Description of the Prior Art] Heat is a powerful enemy and it must be made for internal temperature not to have to exceed 
maximum-permissible virtual junction temperature for IC chip generally. Moreover, with semiconductor devices, such as a 
power transistor and a semi-conductor rectifying device, since the power consumption per area of operation is large, only 
by the heating value emitted from the case (package) of a semiconductor device, or a lead, a generating heating value 
cannot be emitted and there is a possibility of the internal temperature of equipment rising and causing a thermal runaway. 

[0003] This phenomenon is the same also in IC chip which carried CPU, the calorific value at the time of actuation 
increases with improvement in a clock frequency, and the thermal design in consideration of heat dissipation is becoming 
an important matter. 

[0004] In the thermal design in consideration of prevention of said thermal runaway etc., the component design and 
packaging design which considered fixing the large heat sink of a heat sinking plane product in the case (package) of IC 
chip are performed. 

[0005] Generally as an ingredient for said heat sinks, metallic materials, such as copper with good thermal conductivity 

and aluminum, are used. 

[0006] 

[Problem(s) to be Solved by the Invention] Recently, though a low power drive aiming at a low power is aimed at in IC 
chips, such as CPU and memory, it is in the inclination which the IC chip itself enlarges with high integration of a 
component, and expansion-izing of component formation area. When IC chip is enlarged, the stress produced according 
to the difference of the thermal expansion of a semi-conductor base (a silicon substrate and GaAs substrate) and a heat 
sink becomes large, and there is a possibility that the exfoliation phenomenon of IC chip and mechanical destruction may 
arise. 

[0007] In order to prevent this, implementation of a low power drive of IC chip and the improvement of heat sink material 
are mentioned. The low power drive of IC chip escapes from the TTL level (5V) used from the former as current and 
supply voltage, and level not more than 3.3V is put in practical use. 

[0008] On the other hand, it not only considers thermal conductivity, but as a component of a heat sink, silicon, and GaAs 
and coefficient of thermal expansion which are a semi-conductor base are mostly in agreement, and, moreover, selection 
of an ingredient with high thermal conductivity is needed. 

[0009] About the improvement of heat sink material, there are an example which there are various reports, for example, 
used alumimium nitride (AIN), an example using Cu(copper)-W (tungsten), etc. Since AIN is excellent in the balance of 
thermal conductivity and thermal-expansion nature and mostly in agreement with especially the coefficient of thermal 
expansion of Si, it is suitable as heat sink material of the semiconductor device using the silicon substrate as a semi- 
conductor base. 

[0010] Moreover, Cu-W is a composite material which combines the low-fever expansibility of W, and the high temperature 
conductivity of Cu, and is suitable as a component of the heat sink which moreover has a complicated configuration from 
machining being easy. 

[001 1] moreover, the powder sintering porous body which becomes the ceramic base material which uses SiC as a 
principal component from 20 - 40vol% the thing (conventional example 1 : refer to JP.8-279569.A) which came out of 
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comparatively, and which was made to contain and mineral matter about Metal Cu as other examples -- Cu - 5 - 30wt% - 
what was infiltrated (conventional example 2: refer to JP.59-228742.A) is proposed. 

[0012] Since the heat sink material concerning said conventional example 1 is fine-particles shaping of fabricating the 
green compact of SiC and Metal Cu and producing a heat sink, coefficient of thermal expansion and thermal conductivity 
are strictly theoretical values, and it has the problem that balance of the coefficient of thermal expansion and the thermal 
conductivity which are called for with actual electronic parts etc. cannot be obtained. 

[0013] The conventional example 2 has the low ratio of Cu which sinks into the powder sintering porous body which 
consists of mineral matter, and has a possibility that a limitation may be generated when raising thermal conductivity. 
[0014] On the other hand, the composite material which combined carbon and a metal is developed, although put in 
practical use, when this composite material sets a metal to Cu, it is used as an electrode for electron discharge methods, 
and when a metal is set to Pb, it is used as a bearing member and the example of an application is not known as heat sink 
material. 

[0015] That is, in the composite material which combined carbon and a metal, it is 140 W/mK which has the high heat 
conductivity, and it is the present condition that 160 or more W/mK required as heat sink material of IC chip cannot be 
satisfied. 

[0016] This invention is made in consideration of such a technical problem, and it aims at offering the heat sink material 
which can acquire the property which suited the balance of the coefficient of thermal expansion and the heat conductivity 
which are called for with actual electronic parts (a semiconductor device is included) etc. 

[0017] Moreover, other purposes of this invention can manufacture easily the heat sink material which has the property 
which suited the balance of the coefficient of thermal expansion and the heat conductivity which are called for with actual 
electronic parts (a semiconductor device is included) etc., and are to offer the manufacture approach of the heat sink 
material which can raise the productivity of the heat sink of high quality. 
[0018] 

[Means for Solving the Problem] The heat sink material concerning this invention is characterized by the average of 3 
shaft orientations which intersect perpendicularly, or the thermal conductivity of one of shaft orientations being 160 or 
more W/mK including carbon or its allotrope, and a metal. Thereby, a ceramic substrate, a semi-conductor substrate 
(silicon, GaAs), etc. and coefficient of thermal expansion are mostly in agreement, and can obtain thermally conductive 
good heat sink material. 

[0019] Moreover, the heat sink material whose coefficient of thermal expansion the average of 3 shaft orientations which 
intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 180 or more W/mK, and is 1x10- 
6/degree-C - 10x10-6/degree C can also be obtained. 

[0020] As said allotrope, graphite and a diamond are desirable. Moreover, it is desirable as carbon or its allotrope that 
thermal conductivity uses the thing of 100 or more W/mK. 

[0021] And heat sink material can be constituted by sinking said metal into the porosity sintered compact obtained by 
calcinating and connecting by network said carbon or its allotrope. 

[0022] In this case, the porosity of said porosity sintered compact is 10vol(s)% - 50vol%, it is desirable that an average 
pore diameter is 0.1 micrometers - 200 micrometers, and, as for the rate of the volume of carbon, or said its allotrope and 
said metal, it is desirable that the range of 50vol(s)% - 80vol% and a metal is 50vol(s)% - 20vol% for said carbon or its 
allotrope. 

[0023] Moreover, it is desirable to make said carbon or its allotrope add the additive which reduces the rate of a closed 
pore at the time of calcinating this carbon or its allotrope. SiC and/or Si can be mentioned as this additive. 
[0024] Heat sink material mixes water or binding materia! to the fine particles of said carbon or its allotrope, it may sink 
into the preforming object fabricated under the predetermined pressure, and said metal may be constituted. In this case, 
the average powder grain size of fine particles is 1 micrometer - 2000 micrometers, and it is desirable the direction where 
said fine particles take the minimum die length, and that the ratio of that die length is 1:5 or less towards taking the 
greatest die length. In this case, the configuration of arbitration can be made although there is no strong network. 
[0025] Moreover, it is desirable that the range of 20vol(s)% - 80vol% and a metal is [ the rate of the volume of carbon, or 
said its allotrope and said metal ] 80vol(s)% - 20vol% for said carbon or its allotrope. 

[0026] Moreover, heat sink material mixes the fine particles of said carbon or its allotrope, and casting shaping may be 
carried out and it may be constituted by the liquid condition or solid-liquid coexistence condition which said metal 
dissolved. 

[0027] In addition, as for the rate of a closed pore of the produced heat sink material, it is desirable that it is less than 
[12vol%]. 
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[0028] It is desirable that the element for a wettability improvement of an interface is added by said metal. As this alloying 
element, one or more sorts chosen from Te, Bi, Pb, Sn, Se, Li, Sb, Tl, calcium, Cd, and nickel are employable. Especially 
nickel is effective in being easy to dissolve carbon and being easy to sink in. 

[0029] It is desirable to add the element for raising reactivity with said carbon or its allotrope to said metal. As this alloying 
element, one or more sorts chosen from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn are employable. 

[0030] In order to raise fluidity nature to said metal, it is desirable that the temperature requirement of solid phase/liquid 
phase adds desirably 30 degrees C or more of elements 50 degrees C or more. Thereby, while being able to reduce 
dispersion in the case of sinking in, residual pore can decrease and improvement in reinforcement can be aimed at. In 
addition, the same effectiveness can be acquired even if it raises a sinking-in pressure. As this alloying element, one or 
more sorts chosen from Sn, P, Si, and Mg are employable. Moreover, it is desirable to add the element for making said 
metal reduce said melting point. As this alloying element, there is Zn etc., for example. 

[0031] It is desirable that the element for raising thermal conductivity to said metal is added. In this case, the element for 
raising said heat conductivity to said metal is added, and it is good after heat treatment, processing, and a reaction with 
carbon in the heat conductivity of the alloy obtained by a segregation etc. being 10 or more W/mK. It is desirably desirable 
that they are 60 or more W/mK most desirably 40 or more W/mK still more desirably 20 or more W/mK. 
[0032] It is known that thermal conductivity will improve with aging of an alloying element or the combination of annealing 
and processing, and this effectiveness is used for the effectiveness by heat treatment. Moreover, the alloying elements in 
copper, aluminum, and silver decrease in number by the reaction with carbon, and it is also known that thermal 
conductivity will improve. Furthermore, since it is also known that an alloying element will deposit on a front face etc. by a 
segregation etc., and the thermal conductivity in the whole will improve in case a sinking-in metal solidifies, such 
effectiveness can also be used. 

[0033] Said heat sink material can mix the fine particles of said carbon or its allotrope, and the fine particles of said metal, 
and can constitute them also from fabricating under a predetermined pressure. In this case, it is desirable that the average 
powder grain size of the fine particles of said carbon or its allotrope and the fine particles of said metal is 1 micrometer - 
500 micrometers. 

[0034] Said heat sink material can mix the grinding decision material of said carbon or its allotrope, and the fine particles 
of said metal, and can constitute them also from fabricating under predetermined temperature and a predetermined 
pressure. 

[0035] And when shaping constitutes heat sink material as mentioned above, it is desirable that the range of the range of 
20vol(s)% - 60vol% and a metal is [ the rate of the volume of carbon, or said its allotrope and said metal ] 80vol(s)% - 
40vol% for said carbon or its allotrope. Thereby, the heat sink material whose thermal conductivity is 200 or more W/mK 
and whose coefficient of thermal expansion is 3x1 0-6/degree-C - 14x10-6/degree C can be obtained. 
[0036] In this case, it is desirable to make said carbon or its allotrope add the additive which enables re-baking after 
shaping. SiC and/or Si can be mentioned as this additive. 

[0037] It is desirable that the low melting point metal for a wettability improvement of an interface is added by said metal. 
As this low melting point metal, one or more sorts chosen from Te, Bi, Pb, Sn, Se, Li, Sb, Se, Tl, calcium, Cd, and nickel 
are employable. 

[0038] It is desirable that the element for raising reactivity with said carbon or its allotrope to said metal is added. As this 
alloying element, one or more sorts chosen from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn are employable. 
[0039] In order to raise fluidity nature to said metal, it is desirable an element 30 degrees C or more and that the 
temperature requirement of solid phase/liquid phase adds an element 50 degrees C or more desirably. Thereby, while 
being able to reduce dispersion in the case of sinking in, residual pore can decrease and improvement in reinforcement 
can be aimed at. In addition, the same effectiveness can be acquired even if it raises a sinkingrin pressure. As this 
alloying element, one or more sorts chosen from Sn, P, Si, and Mg are employable. Moreover, it is desirable to add the 
element for making said metal reduce said melting point. As this alloying element, there is Zn etc., for example. 
[0040] And the carbide layer may be formed in the front face of said carbon or its allotrope of the reaction of carbon, or 
said its allotrope and alloying element at least. In this case, as said alloying element, one or more sorts chosen from Ti, W, 
Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn are employable. 

[0041] Moreover, at least one sort chosen from Cu, aluminum, and Ag which are a metal with high conductivity as said 
metal combined with said carbon or its allotrope is employable. 

[0042] Moreover, this inventions are the direction which takes the minimum thermal conductivity, and the direction which 
takes the greatest thermal conductivity, and the ratio of thermal conductivity is 1:5 or less. Since thermal conductivity has 
a property almost near isotropy by this, diffusion of heat is good, and it is suitable when using it as a heat sink. Moreover, 
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it is not necessary to take the installation direction into consideration one by one, and becomes advantageous by the 
component side. 

[0043] Next, the manufacture approach of the heat sink material concerning this invention is characterized by having the 
baking process which produces a porosity sintered compact, the sinking-in process which infiltrates a metal into said 
porosity sintered compact, and the cooling process at which said metal cools said porosity sintered compact with which it 
sank in at least by calcinating and connecting carbon or its allotrope by network. 

[0044] Thereby, a ceramic substrate, a semi-conductor substrate (silicon, GaAs), etc. and coefficient of thermal expansion 
can be mostly in agreement, can manufacture thermally conductive good heat sink material easily, and can raise the 
productivity of the heat sink of high quality. 

[0045] And you may make it said baking process produce the porosity sintered compact by said carbon or its allotrope by 
putting in said carbon or its allotrope in a container, and heating the inside of this container. 

[0046] Moreover, you may make it said sinking-in process infiltrate said molten metal into a porosity sintered compact by 
immersing said porosity sintered compact in the molten metal of said metal into which it was put in the container, 
introducing the gas for sinking in in said container, and pressurizing the inside of said container. In this case, it is desirable 
that they are 4 to 5 or less times of the compressive strength of the porosity sintered compact by said carbon or its 
allotrope as said welding pressure or that it is 1 .01-202MPa (ten to 2000 atmospheric pressure). As a cooling process in 
this case, said gas for sinking in in said container is extracted, the gas for cooling is introduced promptly, and you may 
make it cool the inside of said container. 

[0047] The following approach is mentioned as other manufacture approaches. Namely, the process which holds said 
carbon or its allotrope in a case as said baking process, The preheating of the inside of said case is carried out, and it has 
the process which produces the porosity sintered compact by said carbon or its allotrope. As said sinking-in process It is 
having the process which holds said case in the metal mold of a press machine, the process which carries out teeming of 
the molten metal of said metal into said case, and the process which said molten metal's is depressed and pressed 
[ process ] fit by punch of said press machine, and infiltrates said molten metal into said porosity sintered compact within 
said case. 

[0048] In this case, it is desirable to set the pressure at the time of press fit by said punch to that they are 4 to 5 or less 
times of the compressive strength of the porosity sintered compact by said carbon or its allotrope or 1 .01-202MPa (ten to 
2000 atmospheric pressure). Moreover, it is desirable to use the metal mold with which the clearance section for 
extracting the gas drainage hole for extracting the gas which remains in said porosity sintered compact as said metal 
mold, or gas was formed. 

[0049] Moreover, you may make it cool said cooling process with the cooling zone or the metal mold for cooling with which 
said heat sink material into which said metal sank is supplied to blasting or cooling water of coolant gas by said porosity 
sintered compact. 

[0050] the process with which the manufacture approach of the heat sink material concerning this invention mixes water or 
binding material to the fine particles of carbon or its allotrope, the process which fabricates a preforming object for said 
mixture under a predetermined pressure, and a metal - said preforming - it is characterized by having the sinking-in 
process infiltrated into the inside of the body. 

[0051] Moreover, the manufacture approach of the heat sink material concerning this invention is characterized by having 
the process which mixes the fine particles of carbon or its allotrope in the liquid condition or solid-liquid coexistence 
condition which the metal dissolved, and the process which carries out casting shaping of said mixture. 
[0052] Moreover, the manufacture approach of the heat sink material concerning this invention is characterized by having 
the mixed process which mixes the fine particles of carbon or its allotrope, and metaled fine particles, and the 
pressurization process which puts in said mixture in the metal mold of a hotpress machine, fabricates under 
predetermined temperature and a predetermined pressure, and produces heat sink material. 

[0053] Moreover, the manufacture approach of the heat sink material concerning this invention is characterized by having 
the mixed process which mixes the fine particles of carbon or its allotrope, and metaled fine particles, the preforming 
process which said mixture is preformed and is used as a preforming object, and the pressurization process which puts in 
said preforming object in the metal mold of a hotpress machine, fabricates under predetermined temperature and a 
predetermined pressure, and produces heat sink material. 

[0054] Moreover, the manufacture approach of the heat sink material concerning this invention is characterized by having 
the mixed process which mixes and preforms carbon or the grinding decision ingredient of the allotrope, and metaled fine 
particles, and produces mixture, and the pressurization process which puts in said mixture in the metal mold of a hotpress 
machine, fabricates under predetermined temperature and a predetermined pressure, and produces heat sink material. 
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[0055] Moreover, the manufacture approach of the heat sink material concerning this invention is characterized by to have 
the mixed process which mixes carbon or the grinding decision ingredient of the allotrope, and metaled fine particles, the 
preforming process which said mixture is preformed and is used as a preforming object, and the pressurization process 
which puts in said preforming object in the metal mold of a hotpress machine, fabricates under predetermined temperature 
and a predetermined pressure, and produces heat sink material. 

[0056] In these manufacture approaches, said predetermined temperature has -10 degrees C - desirable -50 degrees C of 
the melting point in said metal, and said predetermined pressure has desirable 10.13-101. 32MPa (100 to 1000 
atmospheric pressure). 

[0057] Moreover, you may make it heat said heat sink material to more than the melting point in said metal after a 
pressurization process in these manufacture approaches. 

[0058] Furthermore, said metal may be at least one sort chosen from Cu, aluminum, and Ag. 
[0059] 

[Embodiment of the Invention] Hereafter, the example of a gestalt of operation of the heat sink material concerning this 
invention and its manufacture approach is explained, referring to drawin g 1 - drawing 40 . 

[0060] As heat sink material 10A concerning the gestalt of the 1st operation is shown in drawin g 1 , it sinks into the 
porosity sintered compact 12 obtained by calcinating and connecting carbon or its allotrope by network, and the metal 14 
is constituted. 

[0061] In this case, it is desirable as said carbon or its allotrope that thermal conductivity uses desirably still more 
desirably 100 or more W/mK of 150 or more (estimate in the condition that there is no pore) W/mK of things of 200 or 
more (estimate in the condition that there is no pore) W/mK. 

[0062] This example shows the heat sink material which infiltrated copper into the open pore section of the porosity 
sintered compact 12 with which thermal conductivity consisted of graphite of 100 or more W/mK. Aluminum and silver 
other than copper can be used as a metal 14 which sinks in. 

[0063] Moreover, the porosity sintered compact 12 makes and the metal 14 makes the rate of the volume of the porosity 
sintered compact 12 and a metal 14 the range of 50vol(s)% - 20vol% 50vol(s)% - 80vol%. Thereby, the heat sink material 
whose coefficient of thermal expansion the average of 3 shaft orientations which intersect perpendicularly, or the thermal 
conductivity of one of shaft orientations is 180-220 or more W/mK, and is 1x10-6/degree-C - 10x10-6/degree C can be 
obtained. 

[0064] As porosity of said porosity sintered compact 12, it is desirable that it is 10vol% - 50vol%. It is because 
reinforcement of the porosity sintered compact 12 cannot fall and coefficient of thermal expansion cannot be held down to 
less than [ 1 5.0x1 0-6/degree C ], if porosity cannot obtain the thermal conductivity of the average of 3 shaft orientations 
which intersect perpendicularly, or 180 W/mK (room temperature) of one of shaft orientations less than [ 10vol% ] but 
exceeds 50vol%. 

[0065] As a value of the diameter of an average open pore of said porosity sintered compact 12 (pore diameter), 0.1-200 
micrometers is desirable. It becomes difficult to sink in a metal 14 into an open pore as said pore diameter is less than 0.1 
micrometers, and thermal conductivity falls. On the other hand, if said pore diameter exceeds 200 micrometers, 
reinforcement of the porosity sintered compact 1 2 cannot fall and coefficient of thermal expansion cannot be stopped low. 
[0066] as the distribution (pore distribution) about the average open pore of said porosity sintered compact 12 - 0.5-50 
micrometers - more than 90vol% - being distributed is desirable. 0.5-50-micrometer pore - more than 90vol% - when 
not distributed, the open pore into which the metal 14 has not sunk may increase, and thermal conductivity may fall. 
[0067] Moreover, as a rate of a closed pore of heat sink material 10A which sank in and obtained the metal 14 to the 
porosity sintered compact 12, it is desirable that it is less than [ 12vol% ]. It is because thermal conductivity may fall if 5vol 
(s)% is exceeded. 

[0068] In addition, the automatic porosimeter (trade name "the auto pore 9200") by Shimadzu Corp. was used for 
measurement of said porosity, a pore diameter, and pore distribution. 

[0069] In heat sink material 10A concerning the gestalt of this 1st operation, it is desirable to make the additive which 
reduces the rate of a closed pore at the time of calcinating this graphite to said graphite add. SiC and/or Si can be 
mentioned as this additive. Thereby, the closed pore at the time of baking (closed pore) can be decreased, and the rate of 
impregnation of the metal 14 to the porosity sintered compact 12 can be raised. 

[0070] Moreover, you may make it add this graphite and the element which reacts in graphite. As this alloying element, 
one or more sorts chosen from Ti, W, Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn can be mentioned. Thereby, a reaction layer 
(carbide layer) is formed in the front face (the front face of an open pore is included) of this graphite at the time of baking 
of graphite, wettability with the metal 14 with which it sinks into the open pore of graphite improves, sinking in in low 
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voltage is attained and, moreover, also sinking in to a detailed open pore is attained. 

[0071] It is desirable to add one or more sorts chosen from Te, Bi, Pb, Sn, Se, Li, Sb, Tl, calcium, Cd, and nickel as the 
metal 14 with which it sinks into the porosity sintered compact 12 on the other hand. Thereby, the wettability of the 
interface of the porosity sintered compact 12 and a metal 14 is improved, and a metal 14 becomes easy to enter in the 
open pore of the porosity sintered compact 12. Especially nickel is effective in being easy to dissolve carbon and being 
easy to sink in. 

[0072] Moreover, it is desirable to add one or more sorts chosen from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn as the metal 14 
with which it sinks into the porosity sintered compact 12. By this, the reactivity of graphite and a metal improves, it 
becomes easy to stick graphite and a metal in an open pore, and generating of a closed pore can be controlled. 
[0073] Moreover, while raising fluidity nature to the metal 14 with which it sinks into the porosity sintered compact 12, in 
order that residual pore may decrease, it is desirable that the temperature requirement of solid phase/liquid phase adds 
one or more sorts desirably chosen from the element 50 degrees C or more, for example, Sn, P, Si, and Mg, 30 degrees C 
or more. Thereby, while being able to reduce dispersion in the case of sinking in, residual pore can decrease and 
improvement in reinforcement can be aimed at. In addition, the same effectiveness can be acquired even if it raises a 
sinking-in pressure. Moreover, it is desirable to add the element for making said metal 14 reduce the melting point. As this 
alloying element, there is Zn etc., for example. 

[0074] Next, some approaches for manufacturing heat sink material 10A concerning the gestalt of this 1st operation are 
explained, referring to drawin g 2 A - drawing 8 . 

[0075] Both the 1st for manufacturing heat sink material 10A concerning the gestalt of the 1st operation and the 2nd 
manufacture approach have the baking process which produces the porosity sintered compact 12, and the sinking-in 
process which infiltrates a metal 14 into said porosity sintered compact 12 by calcinating and connecting graphite by 
network. 

[0076] And the 1st manufacture approach is specifically performed by using a high pressure vessel 30, as the example is 
shown in drawing 2 A and drawing 2 B. the both-sides plates [ in / in this high pressure vessel 30 / the rectangular pipe- 
like case 32 ] 34 and 36 - a revolving shaft 38 is mostly formed in a central part, respectively, and case 32 the very thing 
can be rotated now centering on this revolving shaft 38. 

[0077] In the case 32, the heater 42 for heating the fireproof container 40 and this fireproof container 40 is formed. The 
fireproof container 40 has the rectangular pipe-like configuration of having a centrum 44, and the opening 46 which is 
open for free passage into the height direction central part in one side face at a centrum 44 is formed. The lump of the 
metal 14 which is a sinking-in ingredient, or the molten metal of a metal 14 is held in one centrum (it is hereafter described 
as 1st room 44a) focusing on opening 46 among centrums 44. 

[0078] Even if the porosity sintered compact 12 whose centrum (it is hereafter described as 2nd room 44b) of another side 
is a sunk in sample is attached two or more picking and 2nd room 44b is located up, the support device of the porosity 
sintered compact 12 is established so that the porosity sintered compact 12 may not fall. In addition, the heater 42 is 
made into the structure which is not destroyed under the high-pressure force of 300MPa. 

[0079] Moreover, the inlet pipe 48 for vacuum suction, and the introductory tubing 50 and the delivery tube 52 of the gas 
for high-pressure force grant and the gas for cooling are formed in said high pressure vessel 30. 
[0080] Next, it explains, referring to drawing 3 about the 1st manufacture approach using said high pressure vessel 30. 
[0081] First, in step S1, the porosity sintered compact 12 by graphite is produced through the process which fabricates 
graphite in the shape of a rod, the process into which a pitch (a kind of a coal tar) is infiltrated, and the process which 
carries out heating baking. 

[0082] In order to fabricate graphite in the shape of a rod, a pitch is mixed to graphite fine particles, it is push in an about 
150-degree C ambient atmosphere, and it fabricates and graphite [ being cylindrical (phi100-phi600 die length of about 
3000mm) ] is obtained. There is much pore and, moreover, the graphite of the condition of this as has low thermal 
conductivity. 

[0083] Next, in order to decrease the pore of graphite, a vacuum deairing is performed, and a pitch is infiltrated in the 
vacuum. And the process which calcinates at about 1000 degrees C and sinks in a pitch further is repeated about 3 times. 

[0084] And in order to raise thermal conductivity, heating baking of the graphite is carried out in an about 3000-degree C 
furnace. In order to prevent that graphite burns at this time, while covering a furnace with carbon powder, graphite itself is 
covered with carbon powder. Moreover, the process which heats this graphite may carry out heating baking by energizing 
directly to graphite. 

[0085] Although the porosity sintered compact 12 is obtained by doing in this way, it is desirable to carry out preliminary 
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processing further depending on the configuration of a final product. 

[0086] Then, in step S2, a high pressure vessel 30 is made into an initial state, and 1st room 44a of the fireproof container 
40 prepared in the high pressure vessel 30 is located caudad. 

[0087] Then, the lump of the porosity sintered compact 12 and a metal 14 is put in in the fireproof container 40 of a high 
pressure vessel 30, the lump of a metal 14 is stationed in 1st room 44a of the fireproof container 40, and the porosity 
sintered compact 12 is set to 2nd room 44b (step S3). It is desirable to carry out the preheating of the porosity sintered 
compact 12 beforehand at this time. In order to perform a preheating, a preheating is performed in the condition of having 
contained the porosity sintered compact 12 in the carbon case, or having covered with the heat insulator, and if 
predetermined temperature is reached, it will set to 2nd room 44b as above-mentioned with the condition of having 
contained in the case or having covered with the heat insulator. 

[0088] Then, after sealing a high pressure vessel 30 (and fireproof container 40), vacuum suction in a high pressure 
vessel 30 is performed through an inlet pipe 48, and the inside of this high pressure vessel 30 is changed into a negative 
pressure condition (step S4). 

[0089] Then, it energizes at a heater 42 and the heating dissolution of the metal 14 of 1st room 44a is carried out (step 
S5). The following explanation also describes for convenience the metal 14 by which the heating dissolution was carried 
out "molten metal 14." 

[0090] Then, a high pressure vessel 30 is turned 180 degrees in the phase in which the molten metal 14 in 1st room 44a 
reached predetermined temperature (step S6). Since 1st room 44a is located up by this revolution actuation, the molten 
metal 14 in 1st room 44a falls in 2nd room 44b caudad located with a self-weight, is this phase and will be in the condition 
that the porosity sintered compact 12 was dipped in molten metal 14. 

[0091] Then, the gas for sinking in is introduced in a high pressure vessel 30 through the gas installation tubing 50, and 
the inside of this high pressure vessel 30 is pressurized (step S7). By this pressure treatment, said molten metal 14 will 
sink in into the open pore section of the porosity sintered compact 12. 

[0092] When this sinking-in process is completed, it shifts to a cooling process immediately. This cooling process turns 
said high pressure vessel 30 180 degrees again first (step S8). By this revolution actuation, since 1st room 44a is located 
caudad, the molten metal 14 in 2nd room 44b will fall in 1st room 44a again. 

[0093] The molten metal 14 to which some molten metal 14 falls from sinking in into the open pore of the porosity sintered 
compact 12 to 1st room 44a located caudad by the pressure treatment (sinking-in processing) in said step S7 is the 
residual molten metal with which it did not sink into the porosity sintered compact 12. In the phase in which residual 
molten metal fell in 1st room 44a, the porosity sintered compact 12 with which molten metal 14 sank in will remain in 2nd 
room 44b. 

[0094] Then, the gas for cooling is introduced in a high pressure vessel 30 through the gas installation tubing 50 at the 
same time it exhausts the gas for sinking in in a high pressure vessel 30 through the gas delivery tube 52 (step S9). The 
gas for cooling circulates through the inside of a high pressure vessel 30 uniformly, and a high pressure vessel 30 is 
quickly cooled by exhaust air of this gas for sinking in, and installation of the gas for cooling. The metal 14 with which it 
sank in is firmly held at the porosity sintered compact 12 from the molten metal 14 with which it sank into said porosity 
sintered compact 12 solidifying in the lump of a metal 14 quickly, and the volume expanding by this prompt cooling. 
[0095] As drawing 3 is shown within the limit of an alternate long and short dash line as other cooling processes, it is the 
phase which processing at said step S8 ended, and there are the cold by which a high pressure vessel 30 or molten metal 
14 conveys the porosity sintered compact 12 with which it sank in in a cooling zone, and is installed in the cooling zone, 
and a method of carrying out and making gold contact (step S10 reference). 

[0096] The porosity sintered compact 12 will be quickly cooled by this contact which it cools and is in gold. In this cooling 
process, it is [ being the cold or ] more desirable in spraying coolant gas on the porosity sintered compact 12 to have been 
made to carry out, having carried out and carrying out water cooling of the gold, to have considered the feeding effect and 
to cool especially. 

[0097] Thus, sinking-in processing of the metal 14 to the porosity sintered compact 12 by graphite can be easily performed 
by stepping on each process of the 1st manufacture approach. And the rate of impregnation of the metal 14 to the porosity 
sintered compact 12 can be raised. Heat sink material 10A whose coefficient of thermal expansion the average of 3 shaft 
orientations which intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 180-220 or more 
W/mK, and is 1x10-6/degree-C - 10x10-6/degree C can be obtained easily. 

[0098] However, when adopting SiC as the porosity sintered compact mentioned later, the heat sink material the average 
of 3 shaft orientations which the average coefficient of thermal expansion from a room temperature to 200 degrees C is 
4.0x1 0-6/degree-C - 9.0x1 0-6/degree C, and intersect perpendicularly, or whose thermal conductivity of one of shaft 
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orientations is 180 or more W/mK preferably more than 160 W/mK (room temperature) can be obtained. 
[0099] In said step S5, when energizing at a heater 42 and carrying out the heating dissolution of the metal 14 of 1st room 
44a, the temperature high 30 degrees C - 250 degrees C of the predetermined temperature (heating temperature) which 
shifts to step S6 is good, and it is more desirable than the melting point of a metal 14. [ of desirable temperature higher 50 
degrees C - 200 degrees C than said melting point ] In this case, it is desirable to carry out the inside of a high pressure 
vessel 30 into the vacuum of 1x10 to 3 or less Torrs. 

[0100] Moreover, in said step S7, they may be 0.98 or more MPas and 202 MPas or less as a pressure given to a high 
pressure vessel 30 by introducing the gas for sinking in in a high pressure vessel 30. In this case, 4.9 or more MPas and 
202 MPas or less are desirable, and it is good in their being 9.8 or more MPas and 202 MPs or less more preferably. 
[0101] This pressure has the desirable direction which is high pressure from a viewpoint of improvement in a rate of 
impregnation, and improvement in refrigeration capacity. However, since the cost of the facility which becomes easy to 
produce breakage of graphite and can bear high pressure will become high if a pressure is too high, these elements are 
taken into consideration and a pressure is chosen. 

[0102] Moreover, the grant time amount of the pressure to a high pressure vessel 30 has 1 seconds or more and 60 good 
seconds or less, and is desirably desirable. [ of 1 seconds or more and 30 seconds or less ] 

[0103] in addition, the thing whose average diameter is 0.5 micrometers - 50 micrometers as pore of the porosity sintered 
compact 20 as mentioned above - more than 90vol% - it exists and it is desirable for porosity to be 10vol(s)% - 50vol%. 
[0104] However, when adopting SiC as the porosity sintered compact mentioned later, 90% or more of things whose 
average diameter is 5 micrometers - 50 micrometers exists, and it is desirable for porosity to be 20vol(s)% - 70vol%. 
[0105] On the other hand, in the period from the temperature at the time of sinking in to 800 degrees C, as for the cooling 
rate in a cooling process, it is desirable to carry out in -400 degrees C/hour or more, and its hour is more preferably 
desirable in -800 degrees C /or more. 

[0106] In said step S7, the pressure given to a high pressure vessel 30 is a pressure required in order to infiltrate a metal 
14 into the open pore section of the porosity sintered compact 12 completely. In this case, if the open pore which does not 
sink into the porosity sintered compact 12 in the metal 14 remains, in order to check thermal conductivity remarkably, it is 
necessary to give a high pressure. 

[0107] Although this pressure can presume that outline by the formula of a WASSHU barn (Washburn), it needs such big 
force that a pore diameter is small. If this formula is followed, the pressure of 0.392MPa is suitable at the time of 3.92MPa 
and 10 micrometerphi at the time of 39.2MPa and 1.0 micrometerphi at the time of 0.1 micrometerphi. However, in 
practice, since, as for the ingredient of 0.1 micrometerphi, the pore below 0.01 micrometerphi also exists [ an average 
pore diameter ) (refer to drawing 31 and drawing 32 ), a large pressure is needed. Specifically, 392MPa(s) are required for 
0.01 micrometerphi. 

[0108] In addition, about the desirable example of the alloying element to the alloying element metallurgy group to 
graphite, since it already stated, the explanation is omitted here. 

[0109] Next, some modifications of the 1st manufacture approach are explained, referring to drawing 4 and drawing 5 . 
[01 10] As shown in drawing 4 , first, the 1st modification calcinates graphite and produces the porosity sintered compact 
12 by graphite (step S101). A high pressure vessel 30 is made into an initial state, and 1st room 44a of the fireproof 
container 40 prepared in the high pressure vessel 30 is located caudad (step S102). 

[01 11] Then, the porosity sintered compact 12 is set to 2nd room 44b, and the metal (molten metal) 14 by which melting 
was carried out beforehand is slushed in 1st room 44a (step S103). 

[0112] Then, a high pressure vessel 30 is turned 180 degrees in the phase in which the molten metal 14 in 1st room 44a 
reached predetermined temperature (step S104). By this revolution actuation, the molten metal 14 in 1st room 44a falls to 
2nd room 44b located caudad, and the porosity sintered compact 12 will be in the condition of having sunk in to molten 
metal 14 in this phase. 

[01 13] Then, the gas for sinking in is introduced in a high pressure vessel 30 through the gas installation tubing 50, and 
the inside of this high pressure vessel 30 is pressurized (step S105). By this pressure treatment, said molten metal 14 will 
sink in into the open pore section of the porosity sintered compact 12. 

[01 14] Next, it explains, referring to drawin g 5 about the 2nd modification. The high pressure vessel 30 with which the 
dashboard (not shown) which becomes the internal central part of the fireproof container 40 currently installed in the high 
pressure vessel 30 from porosity ceramic material was formed is used for the sinking-in process concerning this 2nd 
modification. The inside of the fireproof container 40 will be divided into 1st room 44a and 2nd room 44b by said 
dashboard. 

[01 15] It is desirable to use the porosity ceramic material whose porosity is 40vol(s)% - 90vol% and whose pore diameter 
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is 0.5mm - 3.0mm as said dashboard, and it is desirable to use the porosity ceramic material whose porosity is 70vol(s)% 
- 85vol% more preferably and whose pore diameter is 1.0mm - 2.0mm. 

[01 16] And in this 2nd modification, as shown in drawing 5 , first, graphite is calcinated and the porosity sintered compact 
12 by graphite is produced (step S201). A high pressure vessel 30 is made into an initial state, and 1st room 44a of the 
fireproof container 40 prepared in the high pressure vessel 30 locates 2nd room 44b up caudad (step S202). 
[0117] Then, the lump of the porosity sintered compact 12 and a metal 14 is put in in the fireproof container 40 of a high 
pressure vessel 30, the lump of a metal 14 is stationed in 2nd room 44b located up, and the porosity sintered compact 12 
is set to 1st room 44a located caudad (step S203). 

[0118] Then, after sealing a high pressure vessel 30 (and fireproof container 40), vacuum suction in a high pressure 
vessel 30 is performed through an inlet pipe 48, and the inside of this high pressure vessel 30 is changed into a negative 
pressure condition (step S204). 

[0119] Then, it energizes at a heater 42 and the heating dissolution of the metal 14 of 2nd room 44b is carried out (step 
S205). In the phase which reached predetermined temperature, said molten metal 14 introduces the gas for sinking in in a 
high pressure vessel 30 through the gas installation tubing 50, and pressurizes the inside of this high pressure vessel 30 
(step S206). By this pressure treatment, the molten metal 14 in 2nd room 44b located up will pass a dashboard, and it will 
sink in into the open pore section of the porosity sintered compact 12 in 1st room 44a located caudad. 
[0120] Next, it explains, referring to drawing 6 - drawing 8 about the 2nd manufacture approach. By this 2nd manufacture 
approach, as are shown in drawing 6 , and it is indicated in drawing 7 as the furnace 60 for calcinating graphite and 
producing the porosity sintered compact 12, the press machine 62 for infiltrating a metal 14 is used for the porosity 
sintered compact 12. 

[0121] It is used in order that a furnace 60 may generally graphitize graphite, as shown in drawing 6 , and the heater 74 for 
heating the case 70 held in the space 72 which can hold a case 70 in the interior, and this space 72 is formed. A case 70 
consists of ingredients, such as graphite, ceramics, and SERAPEPA (heat insulator which consists of ceramics, such as 
an alumina). And graphite is held in this case 70. 

[0122] As shown in drawin g 7 , the metal mold 82 which has the crevice 80 of up opening, and insertion of the press 
machine 62 in a crevice 80 are enabled, and it has the punch 84 which depresses and presses the contents in a crevice 
80 fit. 

[0123] Next, it explains, referring to drawing 8 about the 2nd manufacture approach using said furnace 60 and press 
machine 62. 

[0124] First, graphite is put in in a case 70 and this case 70 is held in a furnace 60 (step S301). The ambient atmosphere 
in a furnace 60 is heated, graphite is calcinated, and the porosity sintered compact 12 is produced (step S302). 
[0125] Moreover, it heats to about 3000 degrees C, and you may make it produce the porosity sintered compact 12 by 
energizing a current to graphite in this process. 

[0126] Then, the porosity sintered compact 12 is taken out from a furnace 60 the whole case 70, and the porosity sintered 
compact 12 is held the whole case 70 in the crevice 80 of the press machine 62 (step S303). 
[0127] Next, after carrying out teeming of the molten metal 86 of a metal 14 into a case 70 (step S304), punch 84 is 
inserted in in a crevice 80, and said molten metal 86 within a case 70 is depressed and pressed fit (step S305). By press 
processing of this punch 84, the molten metal 86 of a metal 14 will sink in into the open pore section of the porosity 
sintered compact 12. 

[0128] In the 2nd above-mentioned manufacture approach, it is desirable to set the pressure at the time of press fit by said 
punch 84 to 1 .01-202MPa (ten to 2000 atmospheric pressure). Moreover, you may make it form in the pars basilaris ossis 
occipitalis of the pars-basilaris-ossis-occipitalis metallurgy mold 82 of a case 70 the clearance section for extracting the 
gas drainage holes 88 and 90 and gas for extracting the gas which remains in the porosity sintered compact 12, as shown 
in drawing 7 . In this case, in order that the gas which remains in the porosity sintered compact 12 may fall out through the 
gas drainage holes 88 and 90 at the time of press fit of punch 84, sinking [ of the molten metal 86 to an open pore ] in will 
be performed smoothly. 

[0129] Thus, sinking-in processing of the metal 14 to the porosity sintered compact 12 by graphite can be easily performed 
by stepping on each process of the 2nd manufacture approach. And the rate of impregnation of the metal 14 to the 
porosity sintered compact 12 can be raised. Heat sink material 10A whose coefficient of thermal expansion the average of 
3 shaft orientations which intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 180-220 or 
more W/mK, and is 1x10-6/degree-C - 10x10-6/degree C can be obtained easily. 

[0130] The furnace using a preheating may be used instead of the above-mentioned furnace 60. In this case, the porosity 
sintered compact 12 by the ingredient or graphite which carried out powder compacting beforehand is heated beforehand. 
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A metal 14 becomes easy to sink in to the graphite (or the below-mentioned SiC) connected by network by this 
processing. As for the temperature of a preheating, it is desirable to become hot beforehand to temperature comparable 
as a molten metal 86. If a molten metal 86 is about 1200 degrees C, specifically, the preheat temperature of graphite has 
1000 degrees C - desirable 1400 degrees C. 

[0131] Next, it explains, referring to drawing 9 about heat sink material 10B concerning the gestalt of the 2nd operation. 
[0132] As shown in drawin g 9 , heat sink material 10B concerning the gestalt of the 2nd operation mixes fine-particles 12a 
of carbon or its allotrope, and fine-particles 14a of a metal 14, and fabricates and consists of under predetermined 
temperature and a predetermined pressure. 

[0133] As said carbon or its allotrope, it is desirable that thermal conductivity uses desirably still more desirably 100 or 
more W/mK of 150 or more (estimate in the condition that there is no pore) W/mK of things of 200 or more (estimate in the 
condition that there is no pore) W/mK. Especially, the diamond other than graphite can be used with the gestalt of this 2nd 
operation. Heat sink material 10B by which thermal conductivity was constituted from this example by mixing the fine 
particles of the graphite of 100 or more W/mK and copper fine particles, and fabricating is shown. Aluminum and silver 
other than copper can be used as said metal 14. 

[0134] Moreover, heat sink material 10B concerning the gestalt of this 2nd operation can mix the grinding decision 
material (for example, grinding decision material of a carbon fiber) of said carbon or its allotrope, and fine-particles 14a of 
said metal 14, and can also fabricate and constitute them from under predetermined temperature and a predetermined 
pressure. 

[0135] And as said predetermined temperature, when shaping within a press die is taken into consideration, -10 degrees 
C - -50 degrees C of the melting point in said metal 14 are desirable, and 10.13-101.32MPa (100 to 1000 atmospheric 
pressure) is desirable as said predetermined pressure. 

[0136] Moreover, as for the average powder grain size of fine-particles 12a of said carbon or its allotrope, and fine- 
particles 14a of a metal 14, it is desirable that it is 1 micrometer - 500 micrometers. Carbon or its allotrope makes and the 
metal 14 makes the rate of the volume of carbon, or its allotrope and metal 14 the range of 80vol(s)% - 40vol% 20vol(s)% 
- 60vol%. Thereby, heat sink material 10B whose coefficient of thermal expansion the average of 3 shaft orientations 
which intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 200-350 or more W/mK, and is 
3x10-6/degree-C - 14x10-6/degree C can be obtained. 

[0137] In heat sink material 10B concerning the gestalt of this 2nd operation, it is desirable to make carbon or its allotrope 
add the additive which enables re-baking after shaping. SiC and/or Si can be mentioned as this additive. Thereby, re- 
baking at the temperature more than the melting point of said metal 14 is attained after shaping. In this case, since the 
grains produced after shaping will join together by said re-baking, most grain boundaries which check heat conduction can 
be lost, and improvement in the thermal conductivity of heat sink material 10B can be aimed at. 

[0138] Moreover, you may make it add this carbon or its allotrope, and the element that reacts in carbon or its allotrope. 
As this alloying element, one or more sorts chosen from Ti, W, Mo, Nb, Cr, Zr, Be, Ta, V, B, and Mn can be mentioned. 
Thereby, a reaction layer (carbide layer) is formed in the front face of carbon or its allotrope at the time of shaping and re- 
baking, and association of the grains in the front face of heat sink material 10B can be raised. 

[0139] It is desirable to, add one or more sorts chosen as said metal 14 from the low melting point metal, for example, Te, 
Bi, Pb, Sn, Se, Li, Sb, TI, calcium, Cd, and nickel, on the other hand. Thereby, the wettability of the interface of carbon, or 
its allotrope and metal 14 is improved, and generating of the grain boundary which checks heat conduction can be 
suppressed. In addition, as for the viewpoint of heat conduction to said low melting point metal, not dissolving to said 
metal 14 is desirable. 

[0140] Moreover, it is desirable to add one or more sorts chosen as said metal 14 from Nb, Cr, Zr, Be, Ti, Ta, V, B, and 
Mn. Thereby, the reactivity of carbon, or its allotrope and metal 14 can improve, and generating of the grain boundary at 
the time of shaping can be suppressed also in this case. 

[0141] Moreover, while raising fluidity nature to said metal 14, in order to decrease residual pore, it is desirable that the 
temperature requirement of solid phase/liquid phase adds one or more sorts desirably chosen from the element 50 
degrees C or more, for example, Sn, P, Si, and Mg, 30 degrees C or more. Thereby, while being able to reduce dispersion 
in the case of sinking in, residual pore can decrease and improvement in reinforcement can be aimed at. In addition, the 
same effectiveness can be acquired even if it raises a sinking-in pressure. 

[0142] Moreover, it is desirable to add the element for making said metal 14 reduce the melting point. As this alloying 
element, there is Zn etc., for example. 

[0143] Next, some approaches (the 3rd and the 4th manufacture approach) for manufacturing heat sink material 10B 
concerning the gestalt of this 2nd operation are explained, referring to drawin g 10 - drawin g 14 . 
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[0144] First, the 3rd manufacture approach is specifically performed by using the preforming machine 100 (referring to 
drawing 10 ) and the hotpress machine 102 (referring to drawin g 1 1 ), as the example is shown in drawin g 10 and drawin g 
11. 

[0145] As shown in drawing 10 , the metal mold 112 which has the crevice 110 of up opening, and insertion of the 
preforming machine 100 in a crevice 110 are enabled, and it has the punch 114 which depresses and presses the 
contents in a crevice 1 10 fit. The thing 104 which mixed fine-particles 12a of carbon or its allotrope and fine-particles 14a 
of a metal 14, i.e., mixture, is held in a case 70. 

[0146] As shown in drawing 1 1 , as for the hotpress machine 102, the upper punch 126 by which the attitude was made 
free, and the heater 128 for heating said fireproof container 124 are formed from the upper part in the fireproof container 
124 made from the graphite of top-face opening fixed in the tubed case 120 on the bottom punch 122 by which it serves 
as a pedestal, and punch 122 under this, and this fireproof container 124. The preforming object 106 of the mixture 104 
fabricated with said preforming machine 100 is held in the fireproof container 124. In addition, the inlet pipe 130 for 
vacuum suction is formed in this hotpress machine 102. 

[0147] The path 132 which circulates the fluid for cooling for cooling the inside of the fluid for heating and the fireproof 
container 124 for heating the inside of the fireproof container 124 is established in the interior of bottom punch 122. 
[0148] And the 3rd manufacture approach is performed by stepping on the process shown in drawing 12 . First, after 
putting in fine-particles 12a of carbon or its allotrope, and fine-particles 14a of a metal 14 in a case 70, mixing and 
obtaining mixture 104 (step S401), the case 70 containing this mixture 104 is held in the crevice 110 of the metal mold 112 
in the preforming machine 100 (step S402). Then, punch 114 is pressed fit in a crevice 110, mixture 104 is preformed, and 
the preforming object 106 is fabricated (step S403). 

[0149] Next, the preforming object 106 is picked out from metal mold 112, and this preforming object 106 is held in the 
fireproof container 124 in the hotpress machine 102 (step S404). After sealing the fireproof container 124, vacuum suction 
in the fireproof container 124 is performed through an inlet pipe 130, and the inside of this fireproof container 124 is 
changed into a negative pressure condition (step S405). Then, it energizes at a heater 128 and temperature in the 
fireproof container 124 is made into -10 degrees C - -50 degrees C of the melting point of a metal 14 (step S406). 
[0150] In the phase which reached predetermined temperature, upper punch 126 is moved caudad, the preforming object 
106 is pressurized, and heat sink material 10B is obtained (step S407). Then, it is used as actual heat sink material 10B 
by passing through a processing process etc. However, when the element which heightens the bonding strength of 
carbon, or its allotrope and metal 14 is added, you may heat to more than the melting point of a metal 14 after said 
pressurization. 

[0151] In addition, about the desirable example of the alloying element to the alloying element metallurgy group 14 to 
carbon or its allotrope, since it already stated, the detailed explanation is omitted here. 

[0152] Thus, heat sink material 10B whose coefficient of thermal expansion the average of 3 shaft orientations which 
intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 200-350 or more W/mK, and is 3x10- 
6/degree-C - 14x10-6/degree C can be easily obtained by stepping on each process of the 3rd manufacture approach. 
[0153] Next, it explains, referring to drawing 13 and drawing 14 about the 4th manufacture approach. By this 4th 
manufacture approach, as shown in drawing 14 , the preforming machine 100 is performed by using only the hotpress 
machine 102, without using it. 

[0154] That is, as shown in drawin g 13 , after putting in fine-particles 12a of carbon or its allotrope, and fine-particles 14a 
of a metal 14 in a case 70, mixing and obtaining mixture 104 first (step S501), the mixture 104 within a case 70 is held in 
the fireproof container 124 in the direct hotpress machine 102 (step S502). After sealing the fireproof container 124, 
vacuum suction in the fireproof container 124 is performed through an inlet pipe 130, and the inside of this fireproof 
container 124 is changed into a negative pressure condition (step S503). Then, it energizes at a heater 128 and 
temperature in the fireproof container 124 is made into -10 degrees C - -50 degrees C of the melting point of a metal 14 
(step S504). 

[0155] In the phase which reached predetermined temperature, upper punch 126 is moved caudad, mixture 104 is 
pressurized, and heat sink material 10B is obtained (step S505). 

[0156] Also in this 4th manufacture approach, heat sink material 10B whose coefficient of thermal expansion the average 
of 3 shaft orientations which intersect perpendicularly, or the thermal conductivity of one of shaft orientations is 200-350 or 
more W/mK, and is 3x10-6/degree-C - 14x10-6/degree C can be obtained easily. 

[0157] Next, it explains, referring to drawing 15 about heat sink material 10C concerning the gestalt of the 3rd operation. 
[0158] As shown in drawin g 15 , heat sink material 10C concerning the gestalt of the 3rd operation pressurizes the mixture 
which mixed carbon, fine-particles 12b of that allotrope, a binder (combination), etc., fabricates a preforming object and a 
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block (you may be a cube, a rectangular parallelepiped, or an arbitration configuration), and further, this block infiltrates a 
metal and it constitutes them. Fine-particles 12b may be the same as fine-particles 12a of the carbon used with the gestalt 
of the 2nd operation, or its allotrope. This heat sink material 10C can be made in the configuration of the arbitration near 
the last configuration. 

[0159] The diamond other than graphite can be used as said carbon or its allotrope. Moreover, aluminum and silver other 
than copper can be used as a metal 14. 

[0160] Moreover, it is 1 micrometer - 2000 micrometers, said fine-particles 12b is the direction which takes the minimum 
die length, and the direction which takes the greatest die length, and, as for the average powder grain size of fine-particles 
12b of said carbon or its allotrope, it is desirable that the ratio of the die length is 1:5 or less. In this case, although there is 
no strong network, it can make in the configuration of the arbitration near the last configuration. Therefore, it is also 
possible to omit processing of a back process. The range of 80vol(s)% - 20vol% has [ the rate of the volume of fine- 
particles 12b of carbon or its allotrope, and a metal 14 / carbon or its allotrope ] a metal 14 desirable [ and ] 20vol(s)% - 
80vol%. 

[0161] Moreover, it is desirable to add the alloying element for reacting with this carbon or its allotrope into fine-particles 
12b of carbon or its allotrope. What is necessary is just to choose this alloying element like the gestalt of the 2nd 
operation. 

[0162] It is desirable to use each alloying element for said metal 14 like the case of the gestalt of the 1st operation. That is, 
it is an alloying element for reducing the alloying element for raising the alloying element for raising the reactivity of the 
alloying element for a wettability improvement, carbon, or its allotrope and metal 14, and fluidity nature, and the melting 
point etc. 

[0163] Next, it explains, referring to drawin g 16 about the 5th manufacture approach of the gestalt the 3rd operation. By 
this 5th manufacture approach, first, fine-particles 12b of carbon or its allotrope is made to mix water and a binder (binding 
material), and mixture is prepared (step S601). 

[0164] And the mixture is pressurized by the predetermined pressure and a preforming object is fabricated (step S602). It 
is good to use the press machine 62 (to refer to drawin g 7 ) or the preforming machine 100 (to refer to drawing 10 ) as a 
pressurizer. 

[0165] Next, a preheat treatment is performed in order to make it easy to sink molten metal 14 into the acquired 
preforming object (step S603). If the molten metal 14 of this preheat temperature is about 1200 degrees C, the preheat 
temperature of graphite has 1000 degrees C - desirable 1400 degrees C. The binder used in step S601 by performing this 
preheat treatment is also removable. 

[0166] Furthermore, in step S604, a preforming object is calcinated and a block is fabricated. The approach of calcinating 
is performed like the gestalt of the 1st operation. 

[0167] And molten metal 14 is infiltrated into a preforming object (step S605). This sinking-in process should just perform 
the same processing as each sinking-in process shown with the gestalt of the 1st operation. For example, a high pressure 
vessel 30 (refer to drawin g 2 ) can be used, and heat sink material 10C can be obtained from step S2 in the 1st 
manufacture approach (refer to drawing 3 ) by performing the process of step S9. 

[0168] According to this 5th manufacture approach, in the pressure treatment performed at step S602, coefficient of 
thermal expansion and thermal conductivity are controllable by the powder-compacting situation of fine particles to a 
desired value. 

[0169] Moreover, thermal conductivity becomes isotropy more and obtained heat sink material 10C has the description 
that wettability and the ingredient yield also improve. 

[0170] Furthermore, since the direction of a metal 14 becomes a network, reinforcement can be raised, and residual pore 
can also be decreased. 

[0171] Furthermore, heat sink material 10C can be manufactured at a low price. That is, the block before sinking in is not 
processible if it remains as it is, since it is weak. However, since it can sink in since the powder preforming article is 
fabricated in the configuration of the very thing, and it can be equal also to the plastic deformation of after that some, heat 
sink material 10C of a complicated configuration can be obtained at a low price. 

[0172] Also in this 5th manufacture approach, thermal expansion can be lowered to the metal 14 to infiltrate like the case 
of each above-mentioned manufacture approach by adding the element which forms carbide. Moreover, a rate of 
impregnation can be raised by adding amelioration elements, such as wettability. 

[0173] Moreover, a rate of impregnation increases and the direction of thermal conductivity [ reinforcement and ] at the 
time of giving a high sinking-in pressure improves. 

[0174] Here, the sinking-in example by the 5th manufacture approach is shown to drawing 17 . What is displayed to be 
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"non-energized" in the column of the restoration approach of drawing 17 shows having infiltrated the metal 14 as it is to 
the mixture which skipped the above-mentioned pressurization process step S602, and covered with fine particles. 
Moreover, what is displayed as "pressurization" adds and carries out powder compacting of 3 to 3 10cm 3 and 100cm of 
water of water glass 1000cm of fine particles, after that, at the time of a preheating (1200 degrees C), makes water and 
water glass remove and fabricates them. 

[0175] Next, it explains, referring to drawing 18 about the 6th manufacture approach of the heat sink material 10 
concerning the gestalt of the 3rd operation. By this 6th manufacture approach, the molten metal 14 which dissolved the 
metal, or the metal (solid-liquid coexistence metal) of a solid-liquid coexistence condition is prepared first (step S701). A 
solid-liquid coexistence condition means that which cooled and agitated the thing which changed the metal (generally 
alloy) into the sintering condition, or the metal molten metal, and was changed into the half-coagulation condition here, 
and both are pointed out although it cooled with that which heated the metal and was directly changed into the sintering 
condition once dissolving completely, and changed into the half-coagulation condition. 

[0176] Next, said molten metal 14 or the metal of a solid-liquid coexistence condition is made to mix fine-particles 12a of 
carbon or its allotrope (step S702). 

[0177] And heat sink material 10C can be obtained by carrying out casting processing and fabricating the molten metal 14 
or the solid-liquid coexistence metal with which this fine-particles 12a was mixed in a desired configuration (step S703). 
[0178] Heat sink material 10C obtained in the 6th manufacture approach has the same description as what was produced 
by the 5th manufacture approach. 

[0179] Next, one example of an experiment (1st example of an experiment) is shown. About three kinds of carbon (P, M, 
N), this 1st example of an experiment changes the class of metal 14 which sinks in, the class of alloying element, and the 
sinking-in approach, and looks at the effectiveness of the difference in the thermal conductivity of a 2-way, the difference 
in the coefficient of thermal expansion of a 2-way, the difference in the flexural strength of a 2-way, a water resisting 
property, and an alloying element, respectively. The result of this example of an experiment is shown in drawin g 19 - 
drawing 21 . Moreover, each property of three kinds of carbon (P, M, N) is shown in drawing 22 . 

[0180] In addition, the water resisting property put in little water and a little sample in the desiccator, was changed into the 
condition of having put to the ambient atmosphere of water, without dipping a sample in water, and inspected them. 
[0181] First, about thermal conductivity, if the case where the die press is used as the sinking-in approach is looked at, 
although the copper alloy containing an alloying element was infiltrated, the direction is higher to the whole than that into 
which the pure copper was infiltrated. Originally, although the direction of a pure copper has the high heat conductivity, 
wettability with carbon is bad and it is considered to be the causes that it is hard to sink in, that the heat conductivity falls 
by the carbon after sinking in and the metaled interface, etc. 

[0182] Moreover, since that into which pure aluminum was infiltrated has the high wettability to the effectiveness and 
carbon which generate carbide, what has thermal conductivity higher than the case where a pure copper is infiltrated is 
obtained, but thermal conductivity is [ the direction ] high although the copper alloy containing an alloying element was 
infiltrated. 

[0183] However, when gas pressurization is used as the sinking-in approach, thermal conductivity is high rather than the 
case where it is based on the die press, and although the pure copper was infiltrated by gas pressurization, thermal 
conductivity is almost the same as that into which the copper alloy containing an alloying element was infiltrated. Each 
example of representation in the case of being based on the case where it is based on the die press among the 
experimental results shown in drawing 19 - drawing 21 , and gas pressurization is extracted and shown in drawin g 23 . 
[0184] The direction of this of gas pressurization is easy to do control of preheat temperature and molten metal 
temperature. Of course, also in the die press, the sinking-in property (thermal conductivity becomes high) of this level can 
be acquired by carrying out the work on a facility. 

[0185] There were not that into which the pure copper was infiltrated in all carbon about coefficient of thermal expansion, a 
thing into which the copper alloy was infiltrated, and thing a that it is difference into which pure aluminum was infiltrated, 
and there was no difference also by the sinking-in approach. 

[0186] Moreover, that into which the copper alloy containing the alloying element which raises wettability was infiltrated 

has a good water resisting property, and it turns out that flexural strength of that into which the copper alloy containing the 

alloying element with which generation of carbide becomes easy was infiltrated is improving only from carbon. 

[0187] Moreover, the ratio of the thermal conductivity of the direction of afield and the thickness direction has become 1:5 

or less, since each [ these ] sample has a property near isotropy, when using it as a heat sink, it hardly needs to take the 

installation direction into consideration one by one, and it becomes advantageous by the component side. 

[0188] Furthermore, two examples of an experiment (the 2nd and 3rd example of an experiment) are shown. These 
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examples of an experiment are the sinking-in processes in the gestalt of the 1 st operation which infiltrate a metal into 
carbon, change the sinking-in pressure at the time of carrying out sinking-in pressurization of the inside of a container, and 
look at the difference in the thermal conductivity in residual pore, a consistency, homogenization, compressive strength, 
and the two directions of a field that intersect perpendicularly, respectively. 

[0189] The 2nd example of an experiment performed the sinking-in pressure by 26.7MPa(s) (272 kgf/cm2) and 156.0MPa 
(s) (1592 kgf/cm2). The result of this example of an experiment is shown in drawin g 24 . 

[0190] Drawing 24 takes porosity (** shows) and a consistency (O shows) along an axis of ordinate, and takes and plots a 
sinking-in pressure on an axis of abscissa. ** shows the plot of porosity and O shows the plot of a consistency. As for 
porosity, it turns out that the directions at the time of giving a high sinking-in pressure from this experimental result are 
moreover decreasing in number by a consistency becoming large. 

[0191] Moreover, in the direction of a field, in 24.5 - 34.3MPa (250 - 35 kgf/cm2) and the thickness direction, since the 
compressive strength (specification: compressive-strength test method of JIS R 1608 fine ceramics) of carbon was 34.3- 
44.1 MPa (350 - 450 kgf/cm2), even when compressive strength 4 to 5 times the sinking-in pressure of carbon was given, 
it has checked that there was no manufacture top problem by the above-mentioned sinking-in process, from this 
experiment. 

[0192] The 3rd example of an experiment performed the sinking-in pressure by 26.7MPa(s) (272 kgf/cm2) and 60.0MPa(s) 
(612 kgf/cm2). The result of this example of an experiment is shown in drawin g 25 - drawing 29 . 
[0193] Drawing 25 takes a measurement consistency along an axis of ordinate, and takes and plots the consistency 
average of each lot on an axis of abscissa. 

[0194] This drawing 25 shows that dispersion in the consistency average for every lot of the direction which made the 
sinking-in pressure high is small. 

[0195] Drawing 26 - drawing 28 take a sinking-in pressure along an axis of abscissa, and take and plot the thermal 
conductivity of the thickness direction, compressive strength, and a consistency on an axis of ordinate, respectively. It 
turns out that the value of direction at the time of giving a high sinking-in pressure from these drawing 26 - drawing 28 is 
improving as for each property. 

[0196] Drawing 29 plots the difference in the thermal conductivity in the two directions of a field which intersect 
perpendicularly. It took on the axis of ordinate by making another side into the direction of Y for the axis of abscissa, 
having used one side as the direction of X. It turns out that dispersion in the direction of a field has little direction at the 
time of giving a high sinking-in pressure from this drawin g 29 . 

[0197] In said 2nd and 3rd examples of an experiment, by having made the sinking-in pressure high, when the amount of 
sinking in of a metal 14 increased, it is thought that each effectiveness was done so. 

[0198] Furthermore, two another examples of an experiment (the 4th and 5th example of an experiment) are shown. In the 
gestalt of the 4th operation, these 4th and 5th examples of an experiment are the sinking-in processes which infiltrate a 
metal 14 into carbon, change the sinking-in pressure at the time of carrying out sinking-in pressurization, and the element 
added to a metal 14, and look at change of residual pore, respectively. 

[0199] The 4th example of an experiment adopted CuO.INb as the sinking-in metal, and performed it by the case where 
27MPa, 48MPa, and 60MPa(s) are pressurized with the element material which does not apply a sinking-in pressure. The 
result of this example of an experiment is shown in drawing 31 . 

[0200] A pore diameter is taken along an axis of abscissa, it takes the residual pore volume along an axis of ordinate, and 
drawing 31 looks at the difference in the case of each sinking-in pressure. This drawing 31 shows that the residual 
porosity after sinking in is decreasing by raising a sinking-in pressure. 

[0201] The 5th example of an experiment is the case where CuO.INb is added, when Cu5Si is added with the element 
material which does not add an element to the metal to infiltrate, and the case of 27MPa(s), and in the case of 43MPa(s), 
about the sinking-in pressure, it experimented in it. The result of this example of an experiment is shown in drawing 32 . 
[0202] Since the element material in drawing 32 is the element material and these conditions in drawing 31 , each wave is 
the almost same configuration. 

[0203] Since Cu5Si of the added element has solid phase / 30 degrees C of liquid phase temperature requirements or 

more, compared with CuO.INb, its fluidity nature (wettability) is good. Consequently, although Cu5Si was added, it turns 

out that directions are decreasing in number [ residual pore ]. Moreover, although the inclination for the residual pore after 

the direction which raised the sinking-in pressure sinking in to decrease is seen, this can be called same inclination as 

drawing 31 . Moreover, when residual pore decreases, improvement in reinforcement can be aimed at. 

[0204] Next, it replaces with carbon or its allotrope, and the case where SiC is used as a porosity sintered compact is 

explained. 
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[0205] In order to put the additive for a wettability improvement into SiC, it is desirable that one or more sorts of alloying 
elements chosen as the metaled component from Be, aluminum, Si, Mg, Ti, and nickel in the range to 5% are included. 
Since it differs from the case where carbon is used as a porosity sintered compact, it is careful of these elements. 
[0206] And wettability improvement with SiC and a metal 14 is aimed at, and it is desirable beforehand to SiC to perform 3 

- 5vol% nickel plating desirably 1 - 10vol%. In this case, it can realize sinking in by the low voltage force. As nickel plating 
here, the plating processing which is not fused at the time of a preheating is desirable, for example, the plating of nickel-P- 
W, the plating of nickel-B-W, etc. are included. 

[0207] moreover, wettability improvement with SiC and a metal 14 - planning - SiC - beforehand - Si - 1 - 10vol% - 
desirable - 3 - 5vol% - it is desirable to make it sink in. Also in this case, it can realize sinking in by the low voltage force. 
[0208] and 1 - 10vol% nickel plating is beforehand performed to said SiC - or - beforehand - Si - 1 - 10vol% - in relation 
to making it sink in, it may be made to perform palladium plating to SiC beforehand. In this case, it is also possible to give 
composite coatings with nickel or Si in addition to said palladium plating. 

[0209] Moreover, in an elevated temperature, a reaction produces SiC and a metal 14, this SiC is decomposed into Si and 
C, and an original function is no longer demonstrated. For this reason, it is required for SiC and a metal 14 to shorten the 
time amount which contacts directly at an elevated temperature. The 1st processing condition (the pressure given to a 
high pressure vessel 30 = more than 0.98MPa (10 kgf/cm2)) By satisfying the 2nd processing condition (heating 
temperature = temperature higher 30 degrees C - 250 degrees C than the melting point of a metal 14), or the 3rd 
processing condition (1 - 10vol% nickel plating being beforehand performed to SiC) below 98MPa(s) (1000 kgf/cm2) Since 
the contact time of SiC and a metal 14 can be shortened, the above decomposition reactions of SiC are avoidable in 
advance. 

[0210] Moreover, since SiC and a metal 14 have bad wettability, they need to apply the high-pressure force to fully 
infiltrate a metal 14. since reforming of the pore front face of SiC is carried out and the wettability of SiC and a metal 14 
becomes good by performing the 3rd processing condition (1 - 10vo!% nickel plating being beforehand performed to SiC), 
or the 4th processing condition (SiC - beforehand - Si - 1 - 10vol% - it being made to sink in), a metal 14 can be 
infiltrated more even into finer pore by the low voltage force. 

[021 1] Here, still more nearly another example of an experiment (6th example of an experiment) is shown. This 6th 
example of an experiment changes suitably the porosity of SiC, a pore diameter, the existence of nickel plating, the 
existence of Si sinking in, sinking-in temperature, welding pressure, pressurization time amount, and a cooling rate, and 
finds the difference between the reaction situation of SiC/Cu at that time, and the sinking-in situation of Cu. The 
experimental result is shown in front drawing of drawing 30 . The thickness (average) of the reaction layer formed between 
SiC and Cu was made to determine the reaction situation of SiC/Cu in this drawing 30 . The determining condition is as 
follows. Moreover, it is because the thermal conductivity at the time of heat transfer between SiC and Cu getting worse, 
and considering as the composite material for semi-conductor heat sinks will fall if a reaction layer 5 micrometers or more 
produces the basis of this determining condition between SiC and Cu. 

[0212] - The thickness (average) of a reaction layer is 1 micrometer or less. -> "With no reaction" 

- The thickness (average) of a reaction layer exceeds 1 micrometer, and it is 5 micrometers or less. -> H ****** M 

- The thickness (average) of a reaction layer exceeds 5 micrometers. -> "Reaction size" 

[0213] About what satisfies the predetermined range, respectively about the porosity, the pore diameter, the sinking-in 
temperature, the welding pressure, the pressurization time amount, and the cooling rate of SiC (samples 3, 7, 8, 11, and 
12), the reaction situation of SiC/Cu is all "with no reaction", and the sinking-in situation of Cu has become good from this 
experimental result, and the good result is obtained. 

[0214] Among these samples, since it was performing nickel plating or Si sinking in about samples 3, 7, 11, and 12, the 
wettability with Cu became good, and even if it shortened pressurization time amount, the result good as mentioned above 
was obtained. Moreover, although it omitted nickel plating and Si sinking in about the sample 8, by having made welding 
pressure high, it became possible to shorten pressurization time amount, and the result good as mentioned above was 
obtained. 

[0215] On the other hand about the samples 1, 5, and 9 which are 0.78MPa(s) (8 kgf/cm2) with welding pressure lower 
than said predetermined range, each sinking-in situation of Cu has become inadequate, and (samples 1 and 5) and the 
reaction situation of SiC/Cu serve as "reaction size" about what has pressurization time amount long among these 
samples. 

[0216] In addition, it is thought of with since a pore diameter is larger than the predetermined range and pressurization 
time amount is comparatively long about a sample 14 by considering that a sinking-in situation has the inadequate 
reaction situation of SiC/Cu in spite of "******•• with since porosity and a pore diameter not filling the predetermined range, 
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respectively about a sample 6 that the reaction situation of SiC/Cu serves as "reaction size" although a sinking-in situation 
is good. 

[0217] Next, the gestalt of the operation which used SiC for the porosity sintered compact is explained. First, in the gestalt 
(the 1st manufacture approach, the 1st modification, the 2nd modification, and the 2nd manufacture approach) of said 1st 
operation, when using SiC, the process (step S1, step S101, step S201, step S301, and step S302) which calcinates 
graphite and produces a porosity sintered compact is unnecessary, and can be manufactured at the same process by the 
subsequent step. 

[0218] Furthermore, the manufacture approach (the 7th manufacture approach) which starts the gestalt of the 4th 
operation as a gestalt of the operation which used SiC for the porosity sintered compact is explained, referring to drawing 
33 - drawing 36 . 

[0219] This 7th manufacture approach is specifically performed by using the hotpress machine 1060, as that example is 
shown in drawing 33 . Although this hotpress machine 1060 is the almost same structure as the hotpress machine 102 
explained with the gestalt of said 2nd operation, it divides and explains drawing for convenience. 
[0220] The upper punch 1068 by which the attitude was made free, and the heater 1070 for heating said fireproof 
container 1066 are formed from the upper part in the fireproof container 1066 of top-face opening with which this hotpress 
machine 1060 was fixed in the tubed case 1062 on the bottom punch 1064 by which it serves as a pedestal, and punch 
1064 under this, and this fireproof container 1066. In addition, the inlet pipe 1072 for vacuum suction is formed in this 
hotpress machine 1060. 

[0221] Said fireproof container 1066 has the tubed configuration of having a centrum 1074. The flange 1076 to which 
upper punch 1068 determines the stroke (stroke) of this upper punch 1068 as the side face is formed, and the packing 
1078 for contacting the upper peripheral surface of said fireproof container 1066, and changing the fireproof container 
1066 into a sealing condition is attached in the inferior surface of tongue of this flange 1076. On the other hand, the path 
1080 which circulates the fluid for cooling for cooling the inside of the fluid for heating and the fireproof container 1066 for 
heating the inside of the fireproof container 1066 is established in the interior of bottom punch 1064. 
[0222] And the 7th manufacture approach is performed by stepping on the process shown in drawin g 34 . 
[0223] First, it supplies from the bottom in the centrum 1074 of the fireproof container 1066 in order of SiC1020, the filter 
1054 made from a porosity ceramic, and the lump of a metal 14 (step S1301). It is desirable to use the porosity ceramic 
material whose porosity is 40% - 90% and whose pore diameter is 0.5mm - 3.0mm as a filter 1054, and it is desirable to 
use the porosity ceramic material whose porosity is 70% - 85% more preferably and whose pore diameter is 1.0mm - 
2.0mm. 

[0224] Moreover, said filter 1054 can achieve the function as a dashboard in which a batch sets both for SiC1020 and the 
lump of a metal 14 in the non-contact condition, and can define the part to which SiC1020 under top room 1074a and a 
filter 1054 was set in the part to which the lump of the metal 14 on a filter 1054 was set among centrums 1074 as bottom 
room 1074b. 

[0225] Next, after sealing the fireproof container 1066, vacuum suction in the fireproof container 1066 is performed 
through an inlet pipe 1072, and the inside of both ** 1074a of this fireproof container 1066 and 1074b is changed into a 
negative pressure condition (step S1302). 

[0226] Then, it energizes at a heater 1070 and the heating dissolution of the metal 14 in top room 1074a is carried out 
(step S1303). It combines with the energization to said heater 1070, and the fluid for heating is poured and you may make 
it heat the interior of the fireproof container 1066 in the path 1080 of bottom punch 1064 at this time. 
[0227] In the phase which reached predetermined temperature, the melt (molten metal) of the metal 14 in top room 1074a 
moves upper punch 1068 caudad, and pressurizes the inside of top room 1074a to place constant pressure (step S1304). 
At this time, the fireproof container 1066 is sealed by contact and mutual press with the packing 1078 attached in the 
flange 1076 of upper punch 1068, and the upper peripheral surface of the fireproof container 1066, and un-arranging [that 
internal molten metal leaks out of the fireproof container 1 066 ] is prevented effectively. 

[0228] It sinks into SiC1020 installed in bottom room of this 1074b at the same time the melt (molten metal) of the metal 
14 in room after becoming place constant pressure 1074a is extruded through a filter 1054 by the pressure in top room 
1074a at the bottom room 1074b side and is introduced in bottom room of this 1074b. 

[0229] (Step S1305) and the molten metal 14 with which it sank into SiC1020 are made to solidify by pouring the fluid for 
cooling to the path 1080 in bottom punch 1064, and making it cool the fireproof container 1066 toward the upper part 
shortly in the phase used as the terminal point (at the time of to sink [ of the molten metal 14 into SiC 1020 ] in being made 
into a saturation state) set up beforehand from a lower part by time management. The pressurization condition in the 
fireproof container 1066 by upper punch 1068 and bottom punch 1064 is held until coagulation is completed. 
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[0230] When coagulation is completed, a metal 14 takes out SiC1020 into which it sank from the fireproof container 1066 
(step S1 306). 

[0231] In this manufacture approach, since SiC1020 is made to contact promptly, and these are made into a 
pressurization condition and that pressurization condition was further held till the completion of cooling actuation after 
heating fully deaerating SiC1020 and a metal 14 and fusing a metal 14, a metal 14 can be efficiently sunk into SiC1020. 
Although it was made to perform sinking-in processing under negative pressure in said example, you may carry out under 
ordinary pressure. 

[0232] Thus, since it is made to contact mutually and was made to perform sinking-in processing after putting both molten 
metal 14 and SiC1020 under pressurization, the pressure drop at the time of contacting both can be made into the 
minimum, and the pressurization condition at the time of sinking-in processing can be made to hold good. 
[0233] Although packing 1078 was formed in the inferior surface of tongue of the flange 1076 in upper punch 1068 in said 
example in order to prevent the leakage of molten metal 14, you may make it form packing 1078 in the upper peripheral 
surface of the fireproof container 1066, as the two-dot chain line of drawing 33 shows. Moreover, you may make it form 
the packing member 1 102 which made ring-like split mold packing 1 100 the two-sheet pile in the lower part of upper 
punch 1068, as shown in drawing 36 as shown in drawing 35 A. In this case, when molten metal enters into the centrum 
1104 of the packing member 1102, the diameter of each split mold packing 1100 will be expanded, top room 1074a will be 
sealed as a result, and the leakage of molten metal 14 will be prevented. 

[0234] Next, it explains, referring to drawin g 37 and drawin g 38 about the modification of the 7th manufacture approach. In 
addition, a same sign is attached about drawing 33 and a corresponding component, and the duplication explanation is 
omitted. 

[0235] In the manufacture approach concerning this modification, as a hotpress machine 1060, as shown in drawing 37 , 
the filter member 1110 constituted from porous ceramics by the height direction center section of the centrum 1074 in the 
fireproof container 1066 fixes, and that in which the door 1 112 was attached free [ closing motion ] at the side face of 
bottom room 1074b is used. Therefore, the part above the filter member 1 1 10 is set to top room 1074a among the 
centrums 1074 of the fireproof container 1066, and the part below the filter member 1 1 10 is set to bottom room 1074b. 
About the door 1112 especially attached in bottom room 1074b, when this door 1 1 12 is closed, structure by which bottom 
room 1074b is sealed is adopted. 

[0236] And the manufacture approach concerning this modification is performed by stepping on the process shown in 
drawing 38 . 

[0237] First, the lump of a metal 14 is thrown in in fireproof container 1066 top room 1074a, the door 1 1 12 of bottom room 
1074b is opened, and SiC1020 is supplied in bottom room of this 1074b (step S1401). 

[0238] Next, after closing a door 1112, sealing bottom room 1074b and sealing the hotpress machine 1060 further, 

vacuum suction in the fireproof container 1066 is performed through an inlet pipe 1072, and the inside of both ** 1074a of 

this fireproof container 1066 and 1074b is changed into a negative pressure condition (step S1402). 

[0239] Then, it energizes at a heater 1070 and the heating dissolution of the metal 14 in top room 1074a is carried out 

(step S1403). It combines with the energization to said heater 1070 also in this case, and the fluid for heating is poured 

and you may make it heat the interior of the fireproof container 1066 in the path 1080 of bottom punch 1064. 

[0240] In the phase which reached predetermined temperature, the melt (molten metal) of the metal 14 in top room 1074a 

moves upper punch 1068 caudad, and pressurizes the inside of top room 1074a to place constant pressure (step S1404). 

[0241] It sinks into SiC1020 installed in bottom room of this 1074b at the same time the melt (molten metal) of the metal 

14 in room after becoming place constant pressure 1074a is extruded through the filter member 1 1 10 by the pressure in 

top room 1074a at the bottom room 1074b side and is introduced in bottom room of this 1074b. 

[0242] (Step S1405) and the molten metal 14 with which it sank into SiC1020 are made to solidify by pouring the fluid for 
cooling to the path 1080 in bottom punch 1064, and making it cool the fireproof container 1066 toward the upper part 
shortly in the phase used as the terminal point set up beforehand from a lower part by time management. 
[0243] When coagulation is completed, a metal 14 takes out SiC1020 into which it sank from the fireproof container 1066 
(step S1 406). 

[0244] Also in the manufacture approach concerning this modification, a metal 14 can be efficiently sunk into SiC1020 like 
the 7th manufacture approach. Moreover, after putting both molten metal 14 and SiC1020 under pressurization, in order to 
make it contact mutually and to perform sinking-in processing also in this modification, the pressure drop at the time of 
contacting both can be made into the minimum, and the pressurization condition at the time of sinking-in processing can 
be made to hold good. In addition, in this modification, although it was made to perform sinking-in processing under 
negative pressure, you may carry out under ordinary pressure. 
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[0245] Furthermore, the manufacture approach (the 8th manufacture approach) which starts the gestalt of the 5th 
operation as a gestalt of the operation which used SiC for the porosity sintered compact is explained, referring to drawin g 
39 and drawing 40 . In addition, a same sign is described about drawing 33 and a corresponding component, and the 
duplication explanation is omitted . 

[0246] Although this 8th manufacture approach is almost the same as the manufacture approach and principle target 
concerning the g estalt of said 4th operation, it differs in a sinking-in process at the point which SiC1020 and a metal 14 
are contacted under negative pressure or ordinary pressure, heat-treats them, and fuses said metal 14. 
[0247] It differs at the point supplied in order of SiC 1020 and a metal 14 from the bottom, without throwing in a filter 1054 
in the fireproof container 1066 of the hotpress machine 1060 specifically used by the manufacture approach concerning 
the gestalt of the 3rd operation shown in drawing 33 . 

[0248] And the manufacture approach concerning the gestalt of the 5th operation is performed by stepping on the process 
shown in drawin g 40 . 

[0249] First, it supplies in order of the lump of SiC1020 and a metal 14 from the bottom in the centrum 1074 of the 
fireproof container 1066 (step S1501). 

[0250] Next, after sealing the hotpress machine 1060, vacuum suction in the fireproof container 1066 is performed through 
an inlet pipe 1072, and the inside of this fireproof container 1066 is changed into a negative pressure condition (step 
S1502). 

[0251] Then, it energizes at a heater 1070 and the heating dissolution of the metal 14 in the fireproof container 1066 is 
carried out (step S1503). It combines with the energization to said heater 1070, and the fluid for heating is poured and you 
may make it heat the interior of the fireproof container 1066 in the path 1080 of bottom punch 1064 at this time. 
[0252] In the phase which reached predetermined temperature, the melt (molten metal) of the metal 14 in the fireproof 
container 1066 moves upper punch 1068 caudad, and pressurizes the inside of the fireproof container 1066 to place 
constant pressure (step S1504). 

[0253] In the melt (molten metal) of the metal 14 which became place constant pressure, the pressure in the fireproof 
container 1066 sinks into SiC 1020. 

[0254] (Step S1505) and the molten metal with which it sank into SiC 1020 are made to solidify by pouring the fluid for 
cooling to the path 1080 in bottom punch 1064, and cooling the fireproof container 1066 toward the upper part shortly, in 
the phase used as the terminal point (at the time of to sink [ of the molten metal into SiC1 020 ] in being made into a 
saturation state) set up beforehand, from a lower part by time management. The pressurization condition in the fireproof 
container 1066 by upper punch 1068 and bottom punch 1064 is held until coagulation is completed. 
[0255] When coagulation is completed, a metal 14 takes out SiC1020 into which it sank from the fireproof container 1066 
(step S1 506). 

[0256] Also in this 8th manufacture approach, where it heated fully deaerating SiC1020 and a metal 14 and a metal 14 
and SiC1020 are contacted, after fusing a metal 14, since the inside of the fireproof container 1066 is made into a 
pressurization condition and that pressurization condition was further held till the completion of cooling actuation, a metal 
14 can be efficiently sunk into SiC1020. 

[0257] In addition, the heat sink material concerning this invention and its manufacture approach of the ability of various 
configurations to be taken are natural, without deviating not only from the gestalt of above-mentioned operation but from 
the summary of this invention. 
[0258] 

[Effect of the Invention] As explained above, according to the heat sink material concerning this invention, the property 
which suited the balance of the coefficient of thermal expansion and the heat conductivity which are called for with actual 
electronic parts (a semiconductor device is included) etc. can be acquired. 

[0259] Moreover, according to the manufacture approach of the heat sink material concerning this invention, the heat sink 
material which has the property which suited the balance of the coefficient of thermal expansion and the heat conductivity 
which are called for with actual electronic parts (a semiconductor device is included) etc. can be manufactured easily, and 
the productivity of the heat sink of high quality can be raised. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the perspective view showing the configuration of the heat sink material concerning the gestalt of the 1 st 
operation. 

[ Drawing 2] Drawin g 2 A is drawing fracturing and showing a part of transverse plane of the high pressure vessel used by 
the 1st manufacture approach, and drawing 2 B is drawing fracturing and showing a part of side face of said high pressure 
vessel. 

[Drawing 3] It is the process block diagram showing the 1st manufacture approach. 
[ Drawing 4] It is the process block diagram showing the 1st modification of the 1st manufacture approach. 
[Drawing 5] It is the process block diagram showing the 2nd modification of the 1st manufacture approach. 
[ Drawing 6] It is the block diagram showing the furnace used by the 2nd manufacture approach. 
[Drawing 7] It is the block diagram showing the press machine used by the 2nd manufacture approach. 
[ Drawing 81 It is the process block diagram showing the 2nd manufacture approach. 

[Drawing 9] It is the perspective view showing the configuration of the heat sink material concerning the gestalt of the 2nd 
operation. 

[ Drawing 10] It is the block diagram showing the preforming machine used by the 3rd manufacture approach. 

[ Drawing 11 ] It is the block diagram showing the hotpress machine used by the 3rd manufacture approach. 

[ Drawin g 12 ] It is the process block diagram showing the 3rd manufacture approach. 

[ Drawing 13 ] It is the process block diagram showing the 4th manufacture approach. 

[ Drawing 14] It is the block diagram showing the hotpress machine used by the 4th manufacture approach. 

[ Drawing 15 ] It is the perspective view showing the configuration of the heat sink material concerning the gestalt of the 3rd 

operation. 

[ Drawing 16 ] It is the process block diagram showing the 5th manufacture approach. 

[Drawing 17 ] It is the graph showing the property of the heat sink material concerning the 5th manufacture approach. 

[Drawing 18] It is the process block diagram showing the 6th manufacture approach. 

[ Drawin g 19] It is the graph showing the result of the example of an experiment in Carbon P. 

[Drawing 20] It is the graph showing the result of the example of an experiment in Carbon M. 

[ Drawing 21] It is the graph showing the result of the example of an experiment in Carbon N. 

[Drawing 22] It is the graph showing the property of Carbon P, M, and N. 

[ Drawin g 23] It is the graph extracting and showing each example of representation in the case of being based on the 
case where it is based on the die press among experimental results, and gas pressurization. 
[ Drawin g 24 ] It is the property Fig. showing change of the porosity and consistency to a sinking-in pressure. 
[Drawing 25] It is the property Fig. showing the relation between the measurement consistency of each lot, and a 
consistency average. 

[Drawing 26] It is the property Fig. showing change of the thermal conductivity to a sinking-in pressure. 

[ Drawing 27] It is the property Fig. showing change of the compressive strength to a sinking-in pressure. 

[ Drawing 28] It is the property Fig. showing change of the consistency to a sinking-in pressure. 

[ Drawin g 29] It is the property Fig. showing change of the thermal conductivity to a sinking-in pressure. 

[ Drawing 30] It is front drawing showing the difference between the reaction situation of SiC/Cu when changing suitably 

the porosity of SiC, a pore diameter, the existence of nickel plating, the existence of Si sinking in, sinking-in temperature, 

welding pressure, pressurization time amount, and a cooling rate, and the sinking-in situation of Cu. 

[ Drawing 31 1 It is the property Fig. showing change of the residual pore to a sinking-in pressure. 

[Drawing 32 ] It is the property Fig. showing change of the residual pore to an alloying element. 
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[Drawing 33] It is the outline block diagram showing the hotpress machine used for the 7th manufacture approach. 
[ Drawin g 34 ] It is the process block diagram showing the 7th manufacture approach. 

[Drawing 35] Drawing 35 A Is the top view showing a packing member, and drawing 35 B is a sectional view on the 
XXIVB-XXIVB line in drawin g 35 A. 

[Drawing 36] It is the outline block diagram showing other examples of the hotpress machine used for the 7th manufacture 
approach. 

[Drawing 37] It is the outline block diagram showing the hotpress machine used for the modification of the 7th manufacture 
approach. 

[Drawing 38] It is the process block diagram showing the modification of the 7th manufacture approach. 

[Drawing 39 ] It is the outline block diagram showing the hotpress machine used for the 8th manufacture approach. 

[ Drawin g 40] It is the process block diagram showing the 8th manufacture approach. 

[Description of Notations] 

10A, 10B, 10C » Heat sink material 

1 2 Porosity sintered compact 

12a, 12b - Fine particles of carbon or its allotrope 

14 ~ Metal 14a - Metaled fine particles 

30 -- High pressure vessel 40, 124, 1066 - Fireproof container 

60 Furnace 62 - Press machine 

70 - Case 82, 1 1 2 - Metal mold 

84,1 14 - Punch 86 - Molten metal 

100 106 - Preforming machine 102 1060 - Hotpress machine 
104 - Mixture 122 - Bottom punch, 1064 
126 1068 - Top punch 
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